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ABSTRACT 
In Hong Kong, public works with dredging and dumping of contaminated 
seabed sediments have led to incidences of rapid increase in the concentration of 
suspended sediment (SS) and deterioration of water quality. In recent years, SS has 
been blamed for causing fish kills in several fish culture zones, but the effects of SS 
on cultured marine fish cannot be assessed due to the lack of empirical data. In this 
research, the toxicological effects of SS on juveniles of the orange-spotted grouper 
Epinephelus coioides were investigated by biological, physiological and molecular 
bioassays. Exposure experiments (10-days and 30-days) were performed in 130-L 
outdoor tanks for sediments collected from Tolo Harbour (TH) and Victoria Harbour 
(VH). 
All fish in control tanks were still alive after 30 days. In comparison, mortality 
rates ranging from 10 to 25 % were recorded among fish exposed to SS. Fish 
exposed to 32 m g L"^  of highly contaminated SS from V H showed slower growth 
rate and lower feeding rate than the control fish. Surprisingly, fish exposed to less 
contaminated SS from T H showed slightly higher feeding rate and faster growth rate 
than the control fish. Gill ventilation rate and coughing rate were highest in fish 
exposed to SS from V H and lowest among the control fish. Microscopic 
examination revealed the presence of sediment clumps on the gill filaments of fish 
exposed to SS, and the amount of sediment clumps on the gill filaments was directly 
proportional to the concentration of SS in the water. Exposure to SS led to 
suppression of muscle acetylcholinesterase activity. The level of gene expression of 
cytochrome P4501A (CYPIA), normalized by endogenous 18S rRNA, was 
significantly higher in SS exposed fish than in control fish. Gene expression level 
^ ii 
of CYPIA and metallothionein (MT) in terms of fold induction, normalized by 18S 
rRNA, also differed significantly between treated and control fish. Molecular 
bioassays based on both gill and liver tissues reflected the differential effect of SS 
concentration, although the effect of SS from V H was not always greater than that of 
SS from TH. 
In conclusion, exposure to SS was deleterious to the juveniles of the 
orange-spotted grouper, and SS from V H was more harmful than SS from TH. In 
general, the results were in concordance with those based on chemical analysis of 
sediment samples. Sediments from V H were more heavily contaminated by heavy 
metals, PAHs and PCBs than sediments from TH. In addition, juveniles of 
orange-spotted grouper showed a high degree of individual variations in their ability 
to tolerate the adverse effects of SS. 
Hong Kong does not have biologically relevant water quality guideline for SS. 
Based on the results of this study, it is proposed that for the protection of juvenile 
marine fish from mortality and growth retardation, levels of SS should be < 128 m g 
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In Hong Kong, dredging and dumping of seabed sediments are carried out 
frequently to provide foundations for urban developments and public construction 
projects like the Hong Kong International Airport and Disney Theme Park. These 
human activities resuspend the seabed sediments and increase the turbidity of the 
seawater. For instance, suspended sediments (SS) concentrations around 120 m g 
L.i have been reported in Deep Bay in 2001 and 2002，although the average level 
was usually not higher than 10 m g U^ (EPD, 2003). In the past decade, fish farmers 
have repeatedly complained that elevated concentrations of SS around fish culture 
zones caused by dredging and dumping activities were the major cause for a number 
of mass mortality of cultured fish. For instance, mariculturists at M a Wan and 
Cheung Sha Wan Fish Culture Zones have claimed that construction activities at 
Penny's Bay and mud disposal at Yam 0，North Lantau, were responsible for fish 
kills during the working period from August 2000 to November 2000. They 
demanded the government to compensate for their economic loss and stop 
construction activities near the fish culture areas (Ming Pao on 5 November 2000). 
Unfortunately, there is lack of pertinent empirical studies on the effects of SS on 
marine fishes in Hong Kong and most recommended standards for SS in Hong Kong 
are either arbitrary or have no biological basis. As a result, most requests for 
compensation by the fish farmers could not be settled satisfactorily due to the lack of 
evidence and background data on fish tolerance. Thus, there is an urgent need for 
an empirical guideline on SS for marine pollution monitoring in Hong Kong. 
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1.2 Lethal and sublethal effects of SS on fish 
1.2.1 Biological effects 
There are numerous studies on the impacts of SS on shellfish, freshwater and 
estuary fishes (e.g. Chiasson, 1993; Ellis et al., 2002; Grant and Thorpe, 1991; Lake 
and Hinch, 1999; Servizi and Martens, 1992), but information on marine fish remain 
largely qualitative. Direct effects on the organismic level can be grouped into three 
categories according to Newcombe and MacDonald (1991): (1) lethal effects, (2) 
sublethal effects related to injury to tissues or disturbance in physiology, and (3) 
behavioural effects which change the activity pattern. 
In nature, fish exhibit avoidance behaviour to escape from areas with higher SS 
concentration (Baker, 2003; Servizi and Martens, 1992). However, fish in confined 
habitats may be affected indirectly by SS, including: (1) deterioration of spawning 
ground and reduction of recruitment, (2) decreased food availability as a result of 
reduction in light penetration and photosynthesis, (3) reduced visibility of pelagic 
food, and (4) reduction in availability of benthic food due to smothering (Bniton, 
1985). These indirect effects can affect fish in the natural habitat at the population 
as well as community levels. 
Laboratory experiments have demonstrated that high concentration of SS caused 
mortality and physiological stress in juvenile freshwater fishes (Lake and Hinch, 
1999; McLeay et al., 1987; Servizi and Martens, 1992) and caused sub-lethal stress 
and compromise fish health in juvenile marine fish (Au et al., 2004). Reported 
effects include mortality (Redding et al.，1987)，retardation of growth (Forrester et al., 
2003) and feeding (Breitbury, 1988), alteration of metabolic state (Beyers et al., 
1999)，elicitation of cough reflex (Servizi and Martens, 1992)，and clogging of gill 
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(Servizi and Martens, 1993). 
The deleterious effect of SS on fish depends on the size (Servizi and Martens, 
1987) and shape (Lake and Hinch, 1999) of the sediment particles, and the duration 
of exposure (Newcombe and MacDonald, 1991). However, SS are not necessarily 
detrimental to fish as species that thrive in turbid estuarine environment may 
presumably benefit from a reduced risk of predation, thereby enhancing the survival 
of juvenile fish prey (Gregory and Levings, 1998; Wilber and Clarke, 2001). 
1.2.2 Molecular biomarkers 
Levels and activities of a suite of biochemical parameters comprised the basis of 
molecular biomarkers. Molecular biomarkers that are specific and sensitive to 
contaminants are employed to reveal differences between contaminated and clean 
sites. They are also employed as indicators to differentiate the affected individuals 
from the normal ones, thereby assessing the potential harmful effects of the stressors. 
More importantly, biomarkers are of biological relevance because they are related to 
impairment of health and may result in shorter life span of the organisms affected. 
The common organ used for analysis was the liver, the major organ involved in 
biotransformation of foreign compounds. Other organs, such as the gill and the 
intestine that are in direct contact with the environment, or are part of the major 
exposure routes were also analyzed. 
Inhibition of acetylcholinesterase (AChE) activities is commonly used for 
evaluating exposure to organophosphates (OPs) and carbamate compounds (Fulton 
and Key, 2001; GaviMn et al.，2001; Sancho et aL, 1998). Level of metallothionein 
(MT) is commonly used as biomarkers for heavy metal exposure (Chan, 1995; 
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Lindahl and Moksnes, 1993; Tom et a l , 1998; 2004), and induction of cytochrome 
P4501A (CYPIA) is regularly used as a tool for evaluating exposure to 
organochlorines and compounds such as planar polychlorinated biphenyls (PCBs), 
polynuclear aromatic hydrocarbons (PAHs) and dioxins (Bucheli and Pent, 1996; 
Gavilan et al” 2001). Except for the investigation of particular pollution sources, 
many researchers used a number of different biomarkers to figure out the whole 
environmental condition. Multivariate analysis on biomarker datasets was proposed 
as a suitable method for classification of environmental quality (Cajaraville et a l , 
2000; Oost et a l , 2000). 
1.2.2.1 Acetylcholinesterase activity inhibition assay 
Acetylcholinesterase (AChE) is an enzyme that regulates the level of the 
neurotransmitter acetylcholine in the central nervous system, neuromuscular junction, 
parasympathetic nervous system and sympathetic synapses by catalyzing the 
hydrolysis of acetylcholine into choline and acetic acid. Inhibition of its activity 
would slow down the rapid hydrolytic breakdown of released acetylcholine, resulting 
in over-stimulation of target cells, resulting in tremors and convulsions. Death may 
occur in extreme cases (Sancho et al., 1997). Pesticides such as organophospates 
and carbamates are the major inhibitors of AChE activity (Fulton and Key, 2001; 
Gavilan et al., 2001)，while heavy metals such as mercury and cadmium have also 
been found to decrease AChE activity in exposed organisms (de la Torre et al., 2000; 
Gill etal., 1990). 
Acetylcholinesterase activity inhibition assay is a sensitive and convenient 
technique for monitoring the level of pollution and for identifying environmental 
risks on aquatic environment (Barra et al., 2001; Braunbeck and Konradt，2001; 
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Gavilan et a l , 2001). 
1.2.2.2 Induction of cytochrome P450 mRNA 
The cytochrome P450 enzymes (CYP) constitute a superfamily of haem-thiolate 
proteins (Guengerich, 1993). P450 enzymes usually act as terminal oxidases in 
multi-component electron transfer chains known as P450-containing 
mono-oxygenase systems and are involved in metabolism and detoxification of both 
exogenous and endogenous compounds (Banka et al., 1997). 
The CYP system is typically responsible for the biotransformation of 
polynuclear aromatic hydrocarbons (PAHs). The isoform cytochrome P4501A 
(CYPIA) catalyzes the oxidation of many PAHs, including benzo[a]pyrene (BaP), 
Dibenz[a，h]anthracene (DBA) and chrysene (CHR) in fish (Varanasi, 1989). 
Conversely, exposure to xenobiotic compounds, including organochlorines, 
dioxins, polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs) 
and polyhalogenated aromatic hydrocarbons (PHAHs), results in induction of 
C Y P I A in fish for xenobiotic biotransformation (Black and Coon, 1987; Buhler and 
Williams, 1989; Gavil红 et a l , 2001; Stegeman and Hahn, 1994; Wong et al” 2000). 
The dose-dependent response of CYPIA to these inducers is sensitive and specific 
(Stegeman and Hahn, 1994), and is commonly used to evaluate exposure and effects 
in field (Bucheli and Pent, 1995; Stegeman and Lech, 1991) and laboratory (Pent and 
Batscher, 2000; Haasch et al； 1993; Van der Weiden et al., 1994) studies. 
In addition to the liver, CYPIA induction has also been observed in gill (Miller 
et a l , 1989), intestine (Van Veld et al., 1990), generalized vascular endothelium and 
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renal tubular epithelium (Rice et al., 2000), and olfactory epithelium (Smolowitz et 
al.’ 1992). Gill and intestine are often employed along with liver in many studies as 
the major tissues of CYPIA expression investigation because they are proximal to 
the environment or comprised of the major exposure routes (Wong et a l , 2001; 
Yeung, 2003). Induction of CYPIA in multiple tissues and cells of histologic 
sections has been reported in fish collected from contaminated environments (Hus0y 
et a l , 1996; Stegeman et a l , 1991). Cell types exhibiting CYPIA induction appear 
similar in laboratory-exposed and environmentally exposed fish (Hus0y et a l , 1994; 
Lindstrom-Seppa et al, 1994; Miller et a l , 1989; Rice et al., 2000; Smolowitz et al., 
1991，1992;). Results of these studies suggest that CYPIA induction can be used to 
identify target tissues and to evaluate exposure routes. Laboratory studies have 
often involved exposures by intraperitoneal injection or to concentrations that do not 
represent environmental exposures. There have been no direct, systematic 
comparisons of cellular patterns of CYPIA induction following relevant exposure 
routes at environmentally realistic concentrations. 
1.2.2.3 Induction of metallothionein mRNA 
Metallothionein (MT) is a family of ubiquitous low molecular weight (6 to 7 
kDa), nonenzymatic, cysteine-rich (30%) heavy metal-binding proteins that are 
widely conserved in higher eukaryotes (Hamer, 1986; Kagi and Schaffer, 1988; 
Thiele III et al., 1986). The characteristic amino acid composition (high cysteine 
content, low content of aromatic amino acid residues), unique amino acid sequence 
with characteristic distribution of Cys (i.e. Cys-X-Cys or Cys-X-X-Cys), and 
spectroscopic manifestations characteristic of metal thiolate clusters of M T (Kagi, 
1991) make it highly recognizable. 
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Established functions of M T include cellular free radical scavenging, 
homeostasis of essential metals, metal detoxification, and participation in cell 
proliferation and apoptosis. MTs play an active role in the defense against 
non-essential heavy metals. They chelate metal ions within the cell by forming 
metal-thiolate bonds with their numerous cysteine residues. This may be followed 
by excretion of the M T protein complex from the cell and the organism via the 
kidney. MTs are thought to serve in the unspecific protective function, limiting the 
intracellular concentrations of reactive heavy metal ions and thereby shielding 
cellular structures from the harmful influences of toxic metals (Kagi and Schaffer, 
1988; Kojima and Hunziker, 1991; Roesijadi, 2000). 
MTs are induced by a wide variety of physiological and toxicological stimuli 
such as metals (cadmium, zinc, copper, lead and mercury), hormones, second 
messengers, growth factors, inflammatory agents, cytotoxic chemicals, tumor 
promoters, oncogene products, alcohols, herbicides, vitamins, antibiotics, and stress 
agents (Chan et al； 1989; George et al., 1996; Hamer，1986; Kagi and Schaffer, 1988; 
Kagi, 1991). Among the various stimuli, metals are the common and most potent 
inducers of all M T isoforms (Kagi and Schaffer, 1988). The relationship between 
M T levels and concentrations of metals has been examined in organisms including 
fish (Galvez et al., 1998; Olsvik et al； 2000)，shrimp (Lindahl and Moksnes, 1993)， 
oysters (Roesijadi, 1994)，snail and earthworm (Dallinger et al., 2000)，chicken 
(Sauer et al., 1998)，rats and mice (Kenaga et al., 1996)，and raccoons (Burger et al., 
2000). Animals respond to elevated metal concentrations by increasing M T 
synthesis, which leads to increased capacity for binding metals and protection against 
metal toxicity. 
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The fine control of M T expression is accomplished by its complex regulation 
which occurs mainly at the level of transcription initiation. Differential patterns of 
expression are observed as variable transcription activity in different tissues and cell 
types, diverse levels of transcription among M T isoforms, and diverse response to 
metal inducers (Kagi and Schaffer, 1988). 
1.2.3 Study on CYPIA and MT expression / induction 
1.2.3.1 Reverse transcription (RT) 
Reverse transcription is a technique for producing complementary D N A (cDNA, 
single strand) from the m R N A isolated from the tissue samples. The purity and the 
concentration of the isolated m R N A are essential to the success and accuracy of RT 
and further PGR quantifications. 
1.2.3.2 Polymerase chain reaction (PGR) 
Conventional PGR is a powerful and sensitive method for analysis of gene 
expression (Fronman et a l , 1988; Schnell and Mendoza, 1997). Gene expression 
primers (DNA oligonucleotides, single strand) are used to amplify the target region 
of the c D N A in vitro in the presense of deoxyribonucleotide triphosphates (dNTPs), 
heat stable D N A polymerase and an optimized buffer. Each cycle of the chain 
reaction is composed of a heat denaturation step at 95°C，followed by a primer 
annealing step at any temperature between 50 to 65 and finished with a primer 
extension step or polymerase chain step for making new D N A at 12°C. After 
twenty to thirty cycles of chain reactions, the target gene segment will be amplified 
to millions of copies, forming PGR products called amplicons. The amplicons are 
then resolved by agarose gel electrophoresis which separates the D N A molecules 
according to their sizes. After staining with ethidium bromide, the PGR products 
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can be visualized on ultra-violet light transilluminator. Presumably, the greater the 
amount of target mRNA, the greater amount of amplified D N A products will be 
amplified, and thus the stronger the signal of PGR products will be measured. The 
reaction temperature and the number of PGR cycles can be optimized to amplify the 
target gene with high efficiency, while minimizmg the production of non-specific 
products (Brownie, 1997). 
Multiplex PGR is a modified version of conventional PGR. As its name 
implies, it is used for the amplification of multiple target genes in a single PCR 
reaction. It is commonly used for screening the presence of multiple genes, such as 
in pathogen identification, gender screening, linkage analysis, mutation analysis, 
gene deletion analysis and forensic studies (Barker, 2000; Kimpton et al., 1996; 
Saugier-Veber, 2001). 
In addition to the optimization of the reaction temperature and the number of 
PCR cycles as in conventional PCR, the concentration of the D N A polymerase is 
optimized to increase the sensitivity of the assay (Exner and Lewinski, 2002). The 
primer concentrations between loci are also optimized to obtain uniform 
amplification of all loci within a multiplex, especially for those with highly variable 
target copy numbers or primer/target annealing efficiencies (Elnifro et a l , 2000; 
Short and Thomson, 1999). 
The expression level of the target sequence relative to a second control sequence 
could be quantified by co-amplification in the same PCR tube, with the results 
expressed as the product ratio of the target and standard sequences (Raeymaekers, 
2000). It must be noted that the results from quantitative assessments based on 
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endpoint fluorescence values (a single reading taken at the end of the PGR reaction) 
are inherently inaccurate as they can be influenced by limiting reagents and small 
differences in reaction components or cycling conditions. 
Real-time PCR is becoming increasingly important for gene expression analysis 
(Bustin, 2000; 2002). It is a type of quantitative PCR that monitor the PCR reaction 
during the PCR from the first cycle until the end of PCR, thereby quantifying the 
amount of amplified gene transcripts. All amplicons produced in-tube were bound 
by SYBR green which gives a fluorescent signal after excitation and can be 
measured by laser detection. The results are displayed as an amplification plot, 
which reflects the change in fluorescence during cycles (Yinet al., 2001). 
The initial copy number of the target gene can be quantified during real-time 
PCR analysis based on threshold cycle (Higuchi et al.，1993)，which is defined as the 
cycle at which fluorescence is determined to be statistically higher that background. 
The threshold cycle has been shown to be inversely proportional to the log of the 
initial copy number (Higuchi et al” 1993). Presumably, the earlier the amplicon 
becomes detectable, the higher the concentrations of target D N A are in the samples. 
Quantitative information based on threshold cycle is more accurate than 
information based on endpoint determination as it is based on a measurement taken 
during the exponential phase of PCR amplification when the PCR efficiency has not 
yet been influenced by limiting reagents, small differences in reaction components, 
or cycling parameters. However, since the dye fluoresces when bounded 
non-specifically to double-strand DNA, the results can be considered reliable only if 
the amplicon of the target gene is the only PCR product in the sample tube. Primer 
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design and annealing temperature are essential to the success and accuracy of using 
S Y B R green detection for real-time PCR. 
For effective comparison, the amount of sample R N A or D N A added to a PCR 
reaction must be standardized. Various endogenous controls, such as P-actin, 
glyceraldehydes-3-phosphate dehydrogenase (GAPDH), ribosomal R N A (rRNA) and 
other RNAs, are employed in different cases. To quantify gene expression, 18S 
rRNA is commonly used as the endogenous control (Chan et a l , 2004; Thellin et al” 
1999; Tom et al., 2004). In recent years, real-time PCR is widely used to quantify 
the transcript levels of cytochrome P4501A (Dixon et al., 2002; Tom et a l , 2003) 
and metallothionein (Tom et a l , 2004) as environmental biomarkers. 
1.3 Objectives 
The objective of this study was to investigate the lethal and sublethal effects of 
SS on juveniles of the orange-spotted grouper Epinephelus coioides (Heemstra and 
Randall, 1993). E. coioides occurs in tropical and warm temperate waters of the 
Indo-West Pacific region (Lieske and Myers, 1994)，including mainland China and 
Taiwan. Juveniles are common in shallow waters of estuaries over sand, mud and 
gravel and among mangroves (Kailola et a l , 1993). Adults are often found in 
marine offshore areas (Lieske and Myers, 1994) and in brackish water over mud and 
rubble (Kailola et al., 1993). The habitat preference of E. coioides suggests that it 
is relatively resistant to sediment suspension. E. coioides was chosen as the test 
species because it is one of the most important mariculture species in many areas in 
the Indo-Pacific region including Hong Kong, Taiwan and southern China (Comish 
and Sadovy, 2000; Lee and Sadovy, 1998). 
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In the present study, biological indicators including mortality, growth rate, 
feeding rate and behavioral changes were evaluated Physiological effects were 
studied at functional level as acetylcholinesterase activity inhibition and at molecular 
level as induction of m R N A gene expression of cytochrome P450 and 
metallothionein. The results of this study would establish the deleterious impact of 
SS on fish. The effects can be extrapolated to other marine fish species in tropical 
and subtropiclal regions with E. coioides serving as the baseline comparison. 
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CHAPTER TWO 
MATERIALS AND METHODS 
2.1 Study sites 
Sediment samples for the exposure experiment were collected from Sham Wan 
Tsai in Tolo Harbour and M a Tau Kok Public Pier in Victoria Harbour (Figure 2.1). 
In Tolo Harbour (TH), sediments were collected at a point that is about 100 m 
from the fish farms. The sediments collected were yellowish-brown. There were 
no marked pollution sources and the sediments were assumed to be relatively free 
from contaminants from the local area. 
Sediments from Victoria Harbour (VH) were collected in the M a Tau Kok 
Public Pier. The sediments collected were oily-black and with heavy petroleum 
odor. Observable debris particles were mixed with the sediment particles and the 
particles size of the sediments was larger than that from TH. There were oil tanks, 
factories and ferry traffic near the sediment collection site. According to the 
sediment quality monitoring results of the Hong Kong Environmental Protection 
Department (EPD, 2002)，sediments in V H were contaminated with heavy metals 
and organic pollutants such as polychlorinated biphenyls (PCB) and polynuclear 
aromatic hydrocarbons (PAHs). 
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Figure 2.1. Map showing location of sampling sites in Tolo Harbour (a) and 




















































































Sediment samples were treated according the procedures described in A P H A 
(1995). 
2.2.1 Sediment samples collection 
Sediment samples were collected from the seabed surface using a 11.3 L Van 
Veen Grab, packed in ice and returned to the laboratory in an ice box. 
2.2.2 Sediment handling 
In the laboratory, the sediments were wet-sieved to retain the fine fractions with 
particles size < 63 |jin. The slurry of the treated sediments was then centrifuged in 
a Himac C R 21G high-speed refrigerated centrifuge at 3000 rpm for 10 minutes to 
remove the overlying water. The stock sediments were stored in refrigerator at 4°C 
for no more than 15 days. 
Due to strong adherence between the fine particles, ultrasonic treatment for 60 
minutes was provided to break bulky sediment clumps into fine particles in filtered 
seawater so that the suspension of sediment was enhanced. 
2.2.3 Sediment dry-wet (w/w) ratio measurement 
Wet weight of the stock sediment was determined in pre-weighed aluminum 
boat by an A N D FX-300 electronic balance. After drying for 2 days in an oven at 
105°C, the mass was determined again to obtain the dry weight of the stock sediment. 
Sediment dry-wet (w/w) ratio was calculated by dividing the dry weight by the wet 
weight of the sediment. Four replicates were done for each sediment type. The 
value was used to calculate the required amount of sediment for each suspended 
sediment exposure treatment. 
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2.2.4 Heavy metal content analysis 
All laboratory glasswares were acid washed (5% nitric acid), rinsed by double 
distilled water and air-dried. The prepared sediment samples were oven-dried at 
105 °C until constant weight. Dried sediment (0.5 g) were pre-digested overnight in 
boiling tube containing 10 m L of nitric acid. Three replications were done for each 
sediment sample. 
The pre-digested sediment samples were then boiled at 130°C for 4 h. 
Hydrogen peroxide (2 mL) was added to the cooled mixture. The mixture was then 
boiled at 170°C until the solution turns clear. 
Same amount of nano-pure water was added to dilute the cooled mixture. The 
mixture was filtered through Whatman 42 filter paper. The filtrate was then diluted 
to 50 m L with nano-pure water in a 50 m L volumetric flask and transferred to a 
plastic bottle. The sample solution was kept in a refrigerator at 4°C. 
Content of heavy metals, including cadmium, copper, chromium, nickel, lead 
and zinc, in sediment samples were analyzed by inductively coupled plasma method 
(ICP) using an Atomscan 16 sequential plasma spectrometer. 
2.2.5 Organic content analysis 
Sediments were sent to the Environmental Management Division of the Hong 
Kong Productivity Council for analysis of total PCB and PAHs. Analytical method 
for the determination of total PCB (SEDIMENT-TPCB-1) and PAHs 
(SEDIMENT-PAH-1) were according to procedures published by the USEPA 
(USEPA 8082 for PCB and USEPA 8270C for PAHs). 
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2.3 Test organism 
Juvenile Epinephelus coioides were purchased from fish farmers (Figure 2.2). 
Two hundred and fifty fishes were cultured in a large outdoor tank (1 m^) and 
acclimated for at least 2 weeks prior to testing. Natural seawater from Tolo 
Harbour was continuously recirculated through a biological filter system for organic 
remediation and disinfected by U V irradiation. The fishes were fed to satiation 
daily with minced squid. Feeding was discontinued 2 days before fish were 
transferred into experimental tanks to minimize stress and prevent food regurgitation. 
2.4 Bioassays 
2.4.1 10-day exposure treatments 
Fifteen juvenile E. coioides were exposed to treatment tanks with SS at 0，2，8， 
32 and 128 m g L'^  for both T H and V H SS exposure trials (Table 2.1). T H SS 
exposure experiments were carried out in spring 2002 using fish with average body 
weight of 4.3 土 0.5 g and average body length of 6.8 土 0.3 cm. V H SS exposure 
experiments were carried out in summer 2002 using fish with average body weight of 
16.2 土 2.4 g and average body length of 10.9 土 0.5 cm. 
2.4.1.1 Experimental setup 
All tests were carried out in 130 L cylindrical plastic tanks (diameter of 50 cm, 
height of 70 cm) containing 100 L seawater (Figure 2.3). Seawater was filtered to 
remove particules > 0.45 fxm. An air stone and a submarine pump were used to 
keep dissolved oxygen at near saturation levels and maintain suspension of sediments, 
and a thermostat was used to maintain water temperature at 28°C. The experiment 
was carried out under outdoor condition and the tanks were covered with transparent 
Plexiglas plates to prevent the contamination from dust particles and rainwater. 
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Table 2.1. Design for SS exposure experiment. Sediments were from Tolo 
Harbour (TH) and Victoria Harbour (VH). 
S.t SS concentration Exposure duration No. of No. of fish 
(mg L'l) (days) replicate per replicate 
Control 0 10 1 15 
T H 2 10 1 15 
8 10 1 15 
32 10 1 15 
m 10 1 15 
Control 0 10 1 15 
V H 2 10 1 15 
8 10 1 15 
32 10 1 15 
10 1 15 
Control 0 30 2 10 
T H 8 30 2 10 
32 30 2 10 
V H 8 30 2 10 
n ^ 2 10 
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Figure 2.3. Setup for SS exposure experiments (a). SS was suspended by an air 




Fifteen fish were randomly assigned to each of the exposure tanks at start of an 
experiment. Twenty percent of the testing medium in each treatment tank was 
renewed every 48 hours to prevent the buildup of wastes and ammonia. During 
each medium renewal, freshly prepared sediments were added with seawater to 
maintain SS concentration at the prescribed level. To determine actual SS 
concentrations after water renewal (measured as m g dry weight L'^ ), water samples 
were collected with a hand pump at the centre of the tank at a water depth of about 
0.2 m. To determine SS dry weight, water samples were filtered through 
pre-weighed Whatman GF/C (1.2 ^ im) filters, dried to constant weight at 105°C，and 
weighed again using a C A H N C-31 microbalance. 
Test fish were fed daily with minced squid at about 5% of body weight. 
Feeding rate was derived from the feed residue recovered 1 h after feeding. Body 
weight (fresh weight in g) and body length (total length in cm) were measured at the 
start and end of the exposure period for the calculation of growth rate. 
Mortality was monitored daily. The criteria for death were lack of gill 
movement and lack of reaction to gentle prodding. Dead individuals were removed 
from the tank immediately after death was confirmed. Temperature, pH and 
salinity of the medium were monitored daily after water renewal. 
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2.4.1.3 Tissue sample collection 
At the end of 10-day exposure experiment, all test fish were sacrificed. Body 
weight and body length were measured. All fish were carefully examined for the 
presence of lesions and sediment clogging on gills. Gill, liver and muscle tissue 
samples were obtained from each fish. All tissue samples were frozen in liquid 
nitrogen and stored at -80°C before further examination. Muscle samples were 
used for acetylcholinesterase activity inhibition assay. Gill and liver samples were 
used for cytochrome P450 and metallothioline gene expression assays. 
2.4.2 30-day exposure treatments 
The experimental setup for the 30-day test was similar to that for the 10-day test. 
All experiments were carried out over a two-month period in summer 2002. 
A total of 100 juvenile fish (average body weight at 19.6 土 2.7 g; average body 
length at 11.6 土 0.6 cm) were exposed to SS from T H and V H at concentrations of 0, 
8 and 32 m g L] for 30 days (Table 2.1). Duplicates were used and 10 fish were 
randomly assigned to each exposure tank. 
Due to the longer test duration and the larger size of the test fish, 80% of the 
testing medium in each treatment tank was renewed every 48 h. Besides, test fish 
were fed daily with minced squid at about 10% of body weight. 
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2.4.2.1 Behavioural observations 
To study the effects of SS on behaviour, three test fish from each treatment were 
randomly transferred into a Plexiglas tank (20 x 40 x 25 cm) on days 6，12，18 and 24 
for observations. The observation tanks were covered with dark cardboards to 
minimize disturbance to the fish. Observation was made through a slit on the 
cardboard (Figure 2.4). The fish were allowed to acclimatize for 2 h before 
observation began. Each fish was observed for 1 min to record the frequency of the 
operculum movement, and 3 min for the frequency of cough, i.e. the sudden opening 
and closing of the operculum. Coughing was considered to be a reflex response to 
irritation. Fish were observed for an additional 3 min for the presence of any 
abnormal behaviours like darting, surfacing and chafing. 
2.4.2.2 Tissue sample collection 
At the end of 30-day exposure experiment, all test fish were sacrificed. Tissue 
samples were collected and stored as in the 10-day test. In addition, the right first 
gill arch was dissected for examination of sediment clogging on gill filaments under 
a dissecting microscope. 
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Figure 2.4. Setup for observation of fish behaviour. 
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2.5 Molecular Biomarkers 
2.5.1 Tested samples 
In the molecular tests, only the samples from the controls and the treatments 
with the most severe and potent conditions were selected for testing. Tissue 
samples of E. coioides from each selected treatment (SS treatment at 32 and 128 mg 
from the 10-day test and 8 and 32 m g L"^  from the 30-day test) were randomly 
sampled for testing. 
2.5.2 Acetylcholinesterase activity inhibition assay 
2.5.2.1 Acetylcholinesterase activity assay 
Frozen fish muscle tissue sample was broken into pieces and 0.2 g was 
homogenized with 1 m L homogenization buffer. The homogenate was centrifuged 
at 10000 g for 10 min. The supernatant (sample solution) was collected and stored 
on ice. Buffers and reagents used in this essay were listed in Appendix. 
To control for the non-enzymic reaction, which may interfere with the analysis, 
50 fxL homogenization buffer and the sample solutions were pre-incubated in 
duplicate with 150 ^ iL dithionitrobenzoic acid (DTNB) solution_prior to the addition 
of acetylthiocholine iodide (ACTI) solution, the substrate analogue for AChE. 
Absorbance at 412 nm (A412 nm) of the endogenous reaction was recorded for 5 
min at 25°C. Fast addition of 50 fxL ACTI solution into each reaction well was 
facilitated by a multi-pipette as the reaction proceeds quickly. Absorbance at 412 
nm, indicating the formation of the yellow anion, nitrobenzoic acid, of the enzymic 
reaction was recorded for 5 min at 25°C Results were recorded as change in 
A412nm per min. 
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2.5.2.2 BioRad Bradford assay 
Protein standards of 0，0.2, 0.6，1.0 and 1.4 m g mL'^ were prepared by diluting 
bovine serum albumin (BSA) standard solution of 2 m g mU^ (Sigma P-0834) with 
phosphate buffer. The sample solutions were diluted 20-fold with phosphate buffer. 
The BioRad (cat no. 500-0006) Bradford reagent was diluted 1 in 5 with cffibO. 
The protein standards, phosphate buffer (blank) and sample solutions were pipetted 
in duplicate into a microtitreplate. BioRad protein reagent (200 fxL) was added into 
each well by a multi-pipette. Absorbance at 595 nm was recorded after 15 min 
incubation at 25°C. Results were corrected for dilution and expressed as m g mL"\ 
2.5.2.3 Calculation of specific enzyme activity 
Specific enzyme activity was expressed as moles substrate hydrolyzed per 
minute per m g protein. 
Specific enzyme activity = A412nm x dilution factor 
[protein] x lightpath x 1.36 x lO* 
where 
A412 nm = change in A412 nm per min (from acetylcholinesterase activity assay) 
[protein] = protein concentration in m g mU^ (from BioRad Bradford assay) 
dilution factor of sample = 5 
lightpath = microplate well depth = 1 cm 
extinction coefficient of the coloured anion = 1.36 x mol] cm"^ 
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2.5.3 Study on CYPIA and MT expression / induction 
2.5.3.1 Gill and liver tissue samples 
Gill and liver tissue samples were collected from fish exposed to different SS 
treatments as described. Samples were stored in -80°C freezer. 
2.5.3.2 Preparation of ribonuclease free reagents and apparatus 
General laboratory glassware was treated by baking at 180°C overnight. Items 
which were not susceptible for baking were treated with diethyl pyrocarbonate 
(DEPC, 0.1% v/v in ddHzO). All solutions were treated with 0.1% DEPC overnight 
and then autoclaved. 
2.5.3.3 Isolation of total RNA 
The total R N A in tissue was isolated using TriPure Isolation Reagent (Roche). 
Procedures from the instructions provided by the supplier were followed. About 
0.1 g of tissue was homogenized at room temperature with ImL TriPure Isolation 
Reagent. Chloroform (200 i^L) was added into the homogenized tissue. The 
mixture was mixed up and down until no separate layers and kept in room 
temperature for 2 min. The mixture was centrifuged at 12,000 Xg for 15 min at 4°C 
in a microcentrifuge. The clear supernatant was transferred into a fresh 
microcentrifuge tube immediately. The R N A was precipitated with 500 i^L 
isopropanol. The precipitated total R N A was collected by centrifugation at 12,000 
Xg for 10 min at 4°C. The R N A pellet was washed by 200 ^ L 75% ethanol. The 
washed total R N A was collected by centrifugation at 7500 Xg for 5 min at 4®C. 
The total R N A pellet was dried in a D N A Speed Vac (Savant) for 2 min and then 
dissolved in 50 fxL DEPC water. 
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2.5.3.4 Spectrophotometric analyses of DNA and RNA 
The yield and purity of R N A was determined by spectrophotometry. The 
amount of nucleic acids was determined at 260 nm in a quartz cuvette by a Shimadzu 
UV1601 spectrophotometer. Four microliters R N A sample was mixed with 996 ^ L 
distilled water (250-fold dilution) and 1 unit corresponds to 1 fig RNA. The 
purity of the nucleic acid preparation was determined by the ratio between the 
readings at 260 nm and 280 nm. High purity of R N A should have a ratio of around 
2.0. 
2.5.3.5 First strand cDNA synthesis 
The first strand c D N A was generated by reverse transcription (RT). The total 
R N A of 1 was mixed with 10 pmole Oligo dT primer and 9 \xL DEPC water, and 
kept in 65 °C for 10 min. The denatured R N A was then mixed with 4 jxL 5X 
Reaction Buffer (Promega), 2 ^L O.IM dithiothreitol (DTT), 1 \xL 10 m M 
deoxyribonucleotide triphosphates (dNTPs), 10 units RNaseOut^"" ribonuclease 
inhibitor (GibcoBRL) and 250 units M-MLV-RNase H minus (Promega) in 20 ^ iL 
reaction for 1 h at 37°C. Finally, the reaction was terminated at 65°C for 10 min. 
The reaction mixture containing the first strand cDNA was diluted with 80 \xL 
ddH20 and stored at -20。C until use. 
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2.5.3.6 Cloning and sequencing of CYPIA and MT gene 
It is important to confirm that the PCR amplified genes were really the target 
genes (CYPIA and MT) in concern, so as to ensure the induction patterns of the right 
genes were investigated. Therefore, the real nucleotide sequences of the PCR 
amplified products was determined, employing molecular cloning and sequencing 
techniques. Alignments were made using the cloned nucleotide sequences and the 
predicted amino acid sequences with that of other species by blasting in the huge 
gene database of the National Center for Biotechnology Information (NCBI). 
Buffers and reagents used in this essay were listed in Appendix. 
A PCR reaction was preformed for the CYPIA and M T gene. The gene 
specific primer-sets used were CYPF and CYPR for CYPIA and M T F and M T R for 
M T (Table 2.2). The PCR for CYPIA and M T were carried out under the following 
conditions: one cycle at 94°C for 5 min, 30 cycles of denaturation at 94°C for 30 sec, 
annealing at 55°C for 30 sec and extension at 12�C for 45 sec, followed by final step 
at 12。C for 10 min. 
For each PCR, 0.5 unit of the enzyme (Expand'^ "' High Fidelity PCR System) 
(Roche) was used in a 50 jxL reaction mixture. All reactions were carried out on the 
Perkin Elmer GeneAmp PCR System 2400. 
The PCR product was mixed with 6X gel-loading buffer, and analyzed in 1.5% 
(w/v) agarose gel. Electrophoresis was performed at a constant voltage of 100 V in 
a gel tank with TAE (Tris-Acetate-EDTA) buffer. After electrophoresis, the gel was 
stained in ethidium bromide (EtdBr) solution (10 ng mL"^) and visualized on a 
Fotodyne (300nm) U V transilluminator. 
29 
Table 2.2. Nucleotide sequences of oligonucleotide primers used in RT-PCR. 
Primer name Nucleotide sequence PCR product 
18SF 5丨-GGT T C G ATT C C G G A G A G G G A G C-3' 
18S -510 bp 
18SR 5’-ACG A A T G C C C C C G G C C G T C C C TC-3' 
C Y P F 5 '-ATT G A T C A C T G G G A G G A C A G G AA-3 ‘ 
CYP -390 bp 
C Y P R 5'-CTG C C A C T G GTT G A T G A A G A C ACA-3' 
M T F 5'-ATG G A C C C C T G C G A G T G C GCC-3' 
M T ~190 bp 
M T R 5 丨-TCA C T G G C A G C A G C T G G T GTC-3 ’ 
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The D N A fragment of interest in the gel was purified with Concert™ Rapid Gel 
Extraction System (GibcoBRL) as suggested by the manufacturer. Gel purified 
D N A fragment was subjected to phosphorylation for ligation into plasmid vectors. 
The purified D N A was added with 20 i^L of 5X Forward Reaction Buffer 
(GibcoBRL), 2\xL of lOmM dNTPs, l^ iL of O.IM ATP, 1 ^L Klenow fragment 
(Roche), 10 units of T4 polynucleotide kinase (Promega) and ddHzO to a final 
volume of lOO^iL. The reaction mixture was incubated at 37。C for 1 h. Then the 
modified D N A was further purified by Concert^ '" Rapid PGR Purification System 
(GibcoBRL). 
The purified D N A fragment was ligated to the linearized vector, pBluescript II 
S K (+/-) (Stratagene). The vector (0.1 ng), which was linearized by Sma I, and 0.6 
\xg D N A (3:1 to 4:1 in D N A to vector ratio) were mixed together. Two microliters 
lOX ligation buffer (GibcoBRL) and 1 unit of T4 D N A ligase (GibcoBRL) were 
added. Sterile double-distilled water was added to a final volume of 20 fxL. The 
mixture was incubated for 16 h at 16°C. The mixture was stored at -20 °C and 
ready for transformation. 
The plasmid D N A after ligation to the D N A fragments was transformed into 
thawed Escherichia coli (E. coli) strain D H 5 a competent cells on ice. The ligation 
mixture was added to 100 pL competent cells, mixed by swirling, and kept on ice for 
30 min. The cells and plasmid were heat-shocked at 42。C for 1.5 min and 
ice-chilled again immediately for 5 min. Luria-Bertani (LB) medium (0.9 mL) was 
added to the mixture, and incubated at 37°C for 45 min to allow the bacteria to 
recover and to express the antibiotic resistance gene encoded by the plasmid. The 
cells were concentrated by centrifugation (12,000 Xg for 1 min) and spread on a LB 
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agar plate containing ampicillin (1 \Lg mL'^) alongside with 40 i^L (20 m g mL"^) 
5-bromo-4-chloro-3-indolyl-P-D-galactoside (X-gal) and 40 pL O.IM 
Isopropyl-P-D-thiogalactopyranoside (IPTG). The plate was then incubated for 16 
h at 37 
Ten bacteria colonies in white were selected against the blue colonies and 
picked to strip on a new LB plate for bacteria growth at 37 °C for 16 h. 
P C R was then performed to check the insert size of the positive plaques. For 
each reaction, a part of the bacteria colony was added as template to the PCR 
reaction tube. Two and a half units of Taq D N A polymerase (Promega), 5 pmoles 
of universal primers T3 and T7, 2.5 \xL lOX reaction buffer, 1.5 yiL 10 m M dNTPs 
and ddH20 were used to make up the 25 ^ iL reaction mixture. The PCR for CYPIA 
and M T were carried out under the following conditions: one cycle at 94°C for 5 min, 
30 cycles of denaturation at 94°C for 30 sec, annealing at 55°C for 30 sec and 
extension at 72°C for 45 sec, followed by final step at TTC for 10 min. 
The primer set primed to 5’ end and 3' end of the inserts in the multiple cloning 
region of the phage vector: 
Universal primer T3: 5丨-ATT A A C C C T C A C T A A A G G GA-3•，and 
Reverse primer T7: 5'-TAA T A G G A C T C A C T A T A G GG-3丨. 
Agarose gel electrophoresis was performed at a constant voltage of lOOV in gel 
tank containing IX T A E using 1.5% (w/v) agarose gel. 
A single colony of bacteria was transferred into 3 m L of LB medium with 3 ^iL 
ampicillin in a snap-capped 15 m L culture tube. The culture was incubated 
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overnight at 37°C with vigorous (250 rpm) shaking. 
The plasmid was then purified by QIAprep® Spin Miniprep Kit (Qiagen) 
following the instructions provided. The sizes of the insert of the clones were 
checked by restriction enzyme digestion. 
Both the plasmid D N A with CYPIA and M T inserts were digested by 
restriction enzymes Xba I and Xho I (both from Amersham). Xba I and Xho I 
restriction enzymes cut the restriction sites at the multiple cloning site of the 
pBluescript vector flanking the 5，end and 3' end of the cDNA insert. The reaction 
mixture was incubated at 2>TC for 3 hr for complete digestion. Agarose gel 
electrophoresis was performed and 10|j,L of the digested plasmid was fractionated on 
1.5% (w/v) agarose gel. The ability to give PCR products of correct size served as 
a quick verification of the insert. For CYPIA, there should be 2 fragments at 
~450bp and ~2kbp. For MT, there should be 2 fragments at 〜250bp and ~2kbp. 
The plasmid with the confirmed insert was then sent to the Service and 
Equipment Maintenance Team of the Department of Biochemistry, the Chinese 
University of Hong Kong for automated D N A sequencing. The D N A sequencing 
was performed by the LICOR D N A sequencer with the dye primer sequencing 
chemistry using the universal primers T3 and T7. 
The real nucleotide sequences of the PCR amplified genes (CYPIA and MT) of 
the grouper were translated into amino acid sequences, using the gene library of the 
National Center for Biotechnology Information (NCBI). Alignments were made 
using the cloned nucleotide sequences and the predicted amino acid sequences with 
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that of other species by blasting in the gene library of NCBI. 
2.5.3.7 RT-PCR co-amp丨ification of CYPIA and 18S rRNA 
For C Y P I A gene expression study, a single co-amplification PGR reaction was 
performed for each template, that is, both pairs of CYPIA and 18S primers were put 
into the same PGR reaction tube. Each reaction contained 1 ^ iL cDNA, 1.5 pmoles 
18S forward primer (18SF), 1.5 pmoles 18S reverse primer (18SR)，2 pmoles 
C Y P I A forward primer (CYPF), 2 pmoles CYPIA reverse primer (CYPR), 0.4 ^iL 
10 m M dNTP, 1 unit Taq D N A polymerase (Promega), 1 \xL lOX reaction buffer, and 
ddlizO added up to 10 ^ L. The primers sequences were shown in Table 2.2. 
The cycling reactions were performed on Perkin Elmer GeneAmp PGR System 
2400 at the following conditions: one cycle at 94。C for 5 min, 30 cycles of 
denaturation at 94°C for 30 sec, annealing at 50°C for 30 sec and extension at 12°C 
for 45 sec, followed by final step at 72°C at 10 min. 
The P G R products were resolved in 1.5% agarose gel with T A E buffer and 
stained with ethidium bromide solution. Six microliter PGR product of each 
reaction from the same template were loaded into one well in order to obtain the 
relative light intensity of CYPIA and 18S rRNA. To further eliminate the 
discrepancy due to staining efficiency in individual gel, equal amount of standard 
D N A marker was added in each gel, the light intensity of the Ikb D N A fragment of 
the D N A marker acting as a reference for different gel. The light intensity of the 
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Figure 2.5. Validation of RT-PCR. Determination of valid P C R cycle numbers 
for RT-PCR detection of 18S rRNA and CYPIA in fish gill and liver tissues. 
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2.5.3.8 Real-time RT-PCR 
One independent real-time PCR was performed for each sample to determine 
the gene expression level of M T and CYPIA, together with the 18S rRNA as the 
endogenous control. Each reaction contained 2 jiL cDNA, 1.25 pmoles forward 
primer, 1.25 pmoles reverse primer, 12.5 \xL Brilliant® SYBR® Green QPCR Master 
Mix (Stratagene) (containing SYBR Green I dye, SureStart Tag D N A polymerase), 
1.5 \xL Reference dye (Stratagene), and ddl^O added up to 25 \xL. The primers 
sequences were shown in Table 2.2. 
The cycling reactions were performed on ABI Prism 7700 Sequence Detection 
System. The thermal cycler conditions were listed in Table 2.3. 
At the end of the PCR cycles, a dissociation profile was generated that the PCR 
samples were subjected to a stepwise increase in temperature from 60°C to 9 5 a n d 
fluorescence measurements were taken at every temperature increment. After 
completion of the dissociation segment, fluorescence was plotted versus temperature 
as the dissociation curve. As the temperature increases, the amplification products 
in each tube will melt (SYBR Green dissociation) according to their composition, 
resulting in a drop of fluorescence. It is to determine if the threshold cycle (Cj) 
represents a true amplification of the CYPIA and M T cDNA, or due to template 
contamination of the reaction or an increase in S Y B R Green I fluorescence due to the 
formation of primer-dimer or other non-specific product. If primer-dimer or 
nonspecific products were made during the amplification step, they will generally 
melt at a lower temperature (Ririe et al., 1997). 
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Table 2.3. The thermal cycler conditions in ABI Prism 7700 Sequence Detection 
System. 
Cycle Temperature Time Repeat Ramp Time 
Hold 95。C 10 min  
9 5 X 30 sec 
。 , 58°C for 18S and MT; , . 
Cycle 1 min 40 
60。C for CYP Auto 
71。C Imin  
Hold 95。C 15 sec  
Hold 60。C 20 sec  
Hold 95°C 15 sec 20 min 
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Besides, the PCR products were resolved in 1.5% agarose gel and stained with 
ethidium bromide solution to double-confirm the product identity by checking 
whether the product size was equal to the corresponding target size. 
Experimental data from the ABI Prism 7700 Sequence Detection System were 
quantified using the comparative C j method as described in the User Bulletin #2: 
ABI Prism 7700 Sequence Detection System (ABI, 2001). The fold induction 
(comparative expression level) of CYPIA and M T of individual samples, normalized 




3.1 Sediment chemistry 
3.1.1 Sediment dry-wet (w/w) ratio 
The dry-wet (w/w) ratio of sediment from T H was 0.395 ± 0.007，while that for 
V H was 0.382 ± 0.023. 
3.1.2 Heavy metal content of sediments 
High concentrations of zinc (528 m g kg'^  dw)，lead (179 m g kg"^  dw) and 
chromium (218 m g kg'^  dw), and extremely high concentration of copper (8357 m g 
kg-i dw) were measured in V H sediment (Table 3.1). 
Heavy metal content in sediment from T H was much lower than that of V H 
sediment. Cadmium and lead were at very low levels, while nickel (123 m g kg.i dw) 
was of the highest concentration among the 6 heavy metal species. It was 
surprising to note that the level of nickel was even higher than that in V H sediment 
(82 m g kg-i dw). 
3.1.3 Levels of total PCBs and PAHs in sediment 
Levels of total polychlorinated biphenyls (PCBs) and polynuclear aromatic 
hydrocarbons (PAHs) in V H sediment were at least 200-fold higher than that in T H 
sediment (Table 3.2). The absolute concentrations of the 16 P A H congeners were 
all over 10000 \xg kg"^  dw and reached 1100000 \xg kg'^  dw for phenanthrene in the 
V H sediment. 
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Table 3.1. Mean (± S.D.) heavy metal content (mg kg'^  dw) in sediment samples 
(n = 3) from Tolo Harbour (TH) and Victoria Harbour (VH). Samples were 
collected in 2003. 
Sediment 
Heavy metals  
T H V H  
Cd 0.069 ± 0.173 2.076 ± 1.612 
Ni 123.5 ± 1.4 81.:55 ±5.12 
Cu 77.96 ± 9.77 8357 ± 1315 
Cr 47.01 ± 2.11 218.2 ±41.8 
Zn 96.26 ± 2.32 527.9 ± 81.：3 
Pb N.D. 179.0 ± 22.7 
N.D.: Not detectable 
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Table 3.2. Levels of total PCBs and PAHs (^g kg"^  dw) in sediment samples 
from Tolo Harbour (TH) and Victoria Harbour (VH). Values were based on 
analysis of a sample collected in 2003. 
Sediment T H V H 
Total PCBsi <3 600 
PAHs^ 
Acenaphthene 15 260000 
Acenaphthylene <5 62000 
Anthracene 18 220000 
Benzo(a)anthracene 21 120000 
Benzo(a)pyrene 15 100000 
Benzo(b)flouranthene 16 91000 
Benzo(g，h，i)perylene 13 58000 
Benzo(k)fluoranthene 8.3 38000 
Chrysene 18 160000 
Dibenzo(a,h)anthracene <5 12000 
Fluoranthene 80 540000 
Fluorene 11 150000 
Indeno(l，2，3-cd)pyrene 13 66000 
Naphthalene 34 560000 
Phenanthrene 110 1100000 
Pyrene m 670000 
Laboratory analysis carried out by the Environmental Management Division of the Hong 
Kong Productivity Council. 
'Total Polychlorinated Biphenyls (PCBs) were analyzed with Method: 
SEDIMENT-TPCB-1, which was in reference with USEPA 8082. 
2poly nuclear Aromatic Hydrocarbons (PAHs) were analyzed with Method: 
SEDIMENT-PAH-1, which was in reference with USEPA 8270C. 
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3.2 Monitoring of test conditions 
For the 10-day exposure experiments, pH and salinity of the filtered seawater 
fluctuated between 8.0-8.2 and 32-35%o respectively in T H SS assay, and 8.0-8.3 and 
34-35%o respectively in V H SS assay. For the 30-day exposure experiment, pH and 
salinity of the filtered seawater fluctuated between 7.9-8.3 and 31-35%o respectively. 
The temperature was maintained at around 28°C at daytime with temporal and 
spatial variations, and dissolved oxygen concentration was almost maintained at 
100% saturation for every exposure tanks. Actual concentrations of SS were close 
to prescribed levels for lower SS concentrations, but showed much greater 
fluctuations for the higher SS treatment at 32 and 128 mg L"^  (Figures 3.1 and 3,2). 
No greater than 10% difference was found between duplicate measurements. 
3.3 Bioassays 
3.3.1 Survivorship 
At the end of the 10-day exposure experiments, survival rates were 100%, 
except 9 (out of 15) of the E. coioides exposed to SS from V H at 128 m g L'^  were 
dead. 
At the end of the 30-day exposure experiments, survival rates were 100% in 
control but only 75-90% among E. coioides exposed to SS from V H and T H at 8 and 
32 m g L-i (Figure 3.3). All mortality ofE. coioides exposed to SS occurred after 20 
days. As expected, E. coioides exposed to SS at 32 m g L'^  died earlier (i.e. 20 days) 
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Figure 3.1. Changes in the mean concentration of SS (mg L"^ ) from Tolo Harbour 
(TH) and Victoria Harbour (VH) in test tanks over the 10-day exposure period. 
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Figure 3.2. Changes in the mean concentration of SS (mg L"^ ) from Tolo Harbour 
(TH) and Victoria Harbour (VH) in test tanks over the 30-day exposure period. 
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The body length and body weight of the E. coioides assigned into different 
treatment tanks at the start of the SS exposure experiments were analyzed by 
one-factor A N O V A test. There were no significant differences in both body length 
(P = 0.863 for TH; P = 0.133 for VH) and body weight (P = 0.080 for TH; P = 0.181 
for VH) between treatments and control at the beginning of the 10-day exposure 
experiments (Figures 3.4 and 3.5). There were also no significant differences in 
both body length (P = 0.927) and body weight (P = 0.972) between treatments and 
control at the beginning of the 30-day exposure experiments (Figures 3.6 and 3.7). 
The body length and body weight ofE. coioides at the beginning and the end of 
the SS exposure period was compared by t-test. Growth was defined as having 
significant increase in terms of body length or body weight of the fish after the SS 
exposure period, shown by asterisk (*) in Figures 3.4 to 3.7. Growth was recorded 
in neither body length nor body weight of the fish after the 10-day SS exposure test. 
However, significant increase in body length and body weight was recorded in 
most of the fish after the 30-day SS exposure test. For the body length, growth was 
recorded in all the T H SS exposed fish, but one of the 32 m g L"^  treatment. In the 
V H SS exposed fish, growth in body length was recorded in only one of the 8 mg L"^  
treatment, but not the others. For the body weight, growth was recorded in all of 
the fish, except fish in one of the 32 m g L"^  treatment. Surprisingly, E. coioides 
exposed to T H SS at 32 m g L'^  showed a slightly higher body weight than that of 
control fish. In addition, variations in both body length and body weight among 
individuals within treatments increased greatly after 30 days. 
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Figure 3.6. Mean (± S.D.) body length of E. coioides exposed to different 
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(Day 0) and the end (Day 30) of the 30-day exposure experiment. Asterisk (*) 
indicates significant growth (P < 0.05). 
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3.3.3 Feeding rate 
All fed food was consumed by the E. coioides during the 10-day exposure trial, 
and thus no feeding rate differentiation was determined between the control fish and 
the SS exposed fish. For the 30-day exposure trial, the feeding rate of the fish was 
analyzed by three-factor A N O V A test (Table 3.3). The three major factors for 
analysis were the source of sediment, the concentration of SS and the exposure 
duration. 
During the 30-day exposure trial, both the source of sediment and exposure 
duration significantly affected the feeding rate of fish (both P < 0.001)，while the 
concentration of SS was not (P = 0.675). Food intake of fish fluctuated greatly and 
was generally < 1.7 g of food per fish per day in control and all treatments during 
the first 15 days of exposure period (Figure 3.8). Feeding rate of control fish 
became steady after 15 days and remained at about 1.7 g per fish per day until the 
end of the experiment. 
Meanwhile, fish exposed to V H SS at both 8 and 32 m g L'^  showed lower 
feeding rate compared to control fish after 15 days. On contrast, fish treated with 
T H SS at both 8 and 32 m g L'^  showed a slightly higher feeding rate compared with 
control fish during the last 10 days of exposure. However, there is not any 
statistical significant interaction between exposure duration and the source of 
sediment (P = 0.280), or the concentration of SS (P = 0.957). In the contrary, the 
interaction between the source of sediment and the concentration of SS was 
significant (P < 0.001). 
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Table 3.3. Summary of 3-factor A N O V A test on the effect of the source and 
concentration of SS, and exposure duration on the feeding rate coioides. 
Source of Variation DF P 
Source 1 <0.001 
SS concentration 2 0.675 
Exposure duration 29 <0.001 
Source x SS concentration <0.001 
Source x Exposure duration 0.280 
SS concentration x Exposure duration 0.957 
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Figure 3.8. Mean food intake by E. coioides during 30 days of exposure to 
different concentrations of SS from Tolo Harbour (TH) and Victoria Harbour (VH). 
Food intake per fish = (Wt of food provided - Wt of uneaten food) / no. of live fish. 
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3.3.4 Behaviour 
Similar to the feeding rate, the gill ventilation rate and the cough rate of the fish 
were analyzed by three-factor A N O V A test for the 30-day exposure trial. The three 
major factors for analysis were also the source of sediment, the concentration of SS 
and the exposure duration. 
Physiologically, both the concentration of SS (P < 0.001) and exposure duration 
(P = 0.002) had significant effects on the gill ventilation rate of the fish (Table 3.4). 
Exposure to SS caused elevation of ventilation rate in fish during the 30-day 
experiment (Figure 3.9). Higher SS concentration (32 mg L"^ ) generally led to 
higher gill ventilation rate than lower SS concentration (8 mg L'^ ). In the effect of 
exposure duration factor, ventilation rate increased after 6-day of exposure, but the 
physiological response seemed to remain steady or even declined after 12 days. 
There was not a significant difference (P = 0.071) between SS from T H and VH. 
There was no significant interaction between SS concentration and exposure 
duration (P = 0.120). 
Cough rate was significantly affected by the source of sediment, the 
concentration of SS and the exposure duration (all P < 0.001) (Table 3.5). All fish 
exposed to SS showed a sharp increase in cough rate. Fish treated with V H SS at 
32 m g L'l showed the highest cough rate of about 4.5 cough per minute (Figure 
3.10). Cough rate elevated greatly after 12 days and remained at high level until 
the end of the experiment. Significant interaction effect was found between the 
source of sediment and the concentration of SS (P < 0.001). 
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Table 3.4. Summary of 3-factor A N O V A test on the effect of the source and 
concentration of SS, and exposure duration on the ventilation rate of E. coioides. 
Source of Variation OT P  
Source 1 0.071 
SS concentration 2 <0.001 
Exposure duration 3 0.002 
Source x SS concentration 2 0.088 
Source x Exposure duration 3 0.114 
SS concentration x Exposure duration 6 0.120 
Source x SS concentration x Exposure duration 6 0.940 
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Figure 3.9. Mean ventilation rate of E. coioides during 30 days of exposure to 
different concentrations of SS from Tolo Harbour (TH) and Victoria Harbour (VH). 
Ventilation was measured in terms of operculum movement. 
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Table 3.5. Summary of 3-factor A N O V A test on the effect of the source and 
concentration of SS, and exposure duration on the cough rate of£. coioides. 
Source of Variation DF P 
Source 1 <0.001 
SS concentration 2 <0.001 
Exposure duration 3 <0.001 
Source x SS concentration 2 <0.001 
Source x Exposure duration 3 0.258 
SS concentration x Exposure duration 6 0.085 
Source x SS concentration x Exposure duration 6 0.556 
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Figure 3.10. Mean cough rate of E. coioides during 30 days of exposure to 
different concentrations of SS from Tolo Harbour (TH) and Victoria Harbour (VH). 
Cough was measured as sudden opening and closing of operculum. 
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3.3.5 Sediment clogging 
Microscopic examination revealed significantly more sediment clumps were 
accumulated on the gill filaments of fish exposed to SS during the 30-day 
experiment (P < 0.001) (Table 3.6). The level of sediments clogged in gill 
filaments was directly proportional to the concentration of SS the tested fish were 
exposed to (Figure 3.11). Treatments with V H SS at 32 m g L"^  resulted in the 
highest sediment accumulation on gill filaments of about 30 sediment clumps per 
m m of gill filament, but no significant difference was found between SS from TH 
and V H (P = 0.187). 
3.3.6 Body lesions 
Lesions were founded on fish from both control and treatments with SS after 
30-day exposure experiment (Table 3.7). Generally, more lesions were observed in 
fish treated with SS. Lesions mostly occurred on the caudal fin. Much fewer 
lesions were found on the other parts of the body. 
3.3.7 Abnormal behaviour 
Exposure to SS might lead to abnormal behaviour. Fish exposed to SS 
showed a tendency to stay relatively motionless near the air stones and open their 
gill covers widely as if they were trying to flush their gill filaments with the air 
bubbles. This ‘gill cleaning' behaviour was seldom observed among control fish. 
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Table 3.6. Summary of 2-factor A N O V A test on the source and concentration of 
SS on the clogging of gill of E. coioides in the 30-days experiment. 
Source of Variation DF P 
Source 1 0.187 
SS concentration 2 <0.001 
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Figure 3.11. Mean (± S.D.) number of sediment clumps on gill filaments of E. 
coioides at the end of 30-day exposure to SS from Tolo Harbour (TH) and Victoria 
Harbour (VH). 
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Table 3.7. Lesions recorded in different parts of body of live^ E. coioides after 30 
days of exposure to SS from Tolo Harbour (TH) and Victoria Harbour (VH). 
SS No. of lesions 。• . No. of  
Site concentration Caudal Dorsal Pectoral 
, 1、 fish Body  
(mg L-i) ^ fin fin fins 
Control 0 20 0 4 0 0 
T H 8 15 3 7 2 2 
32 17 1 5 0 0 
V H 8 18 0 5 0 0 
^ n 0 4 2 1 
6 2 
3.4 Molecular biomarkers 
3.4.1 Acetylcholinesterase activity inhibition assay 
Acetylcholinesterase (AChE) activity of all SS exposed fish was lower than 
that of the control fish (Figure 3.12). Inhibition effect of SS exposure to AChE 
activity was analyzed by two-factor A N O V A test. The major factors for analysis 
were the source of sediment and the concentration of SS (Table 3.8). 
For the 10-day exposure experiments, the AChE activity of the control fishes 
were at about 45 [xmoles substrate hydrolyzed per minute per m g protein. The 
AChE activity of the fish exposed to T H SS was statistically higher than that of the 
fish exposed to V H SS (P < 0.001). The AChE activity of control fish was 
statistically higher than that exposed to SS from both T H and V H at 32 mg L'^  and 
128 m g L-i (all P < 0.001). The AChE activity of fish exposed to SS at 128 mg L'^  
was lower than that at 32 mg L"^  as expected, but no significant difference between 
them was found (P = 0.498). The interaction between the source of sediment and 
the concentration of SS was statistically significant (P = 0.002). 
For the 30-day exposure experiment, the AChE activity of the control fish was 
of a lower level compared to the control fish in the 10-day exposure experiment, but 
still in the same order of magnitude at about 35 [imoles substrate hydrolyzed per 
minute per m g protein. It was comparable to the level of the fish exposed to T H SS 
in the 10-day experiment. Similar to the 10-day test, the AChE activity of the fish 
exposed to SS was significantly lower than that of the control (P < 0.001). 
Meanwhile, the fish exposed to V H SS was lower than that exposed to TH SS and 
was of the lowest AChE activity among all, but there was no statistically significant 
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Figure 3.12. Inhibition of muscle acetylcholinesterase (AChE) activity in E. 
coioides exposed to different concentrations of SS from Tolo Harbour (TH) and 
Victoria Harbour (VH). For the 10-day experiment, 2-factor A N O V A test revealed 
significant effect due to both the source and concentration of SS (Table 3.8). 
Treatment groups that were significantly different from control according to multiple 
comparison are shown by asterisk (*) (P < 0.05). 
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Table 3.8. Summary of 2-factor A N O V A test on the effect of the source and 
concentration of SS on the acetylcholinesterase (AChE) activity of E. coioides in 
muscle. 
Exposure Source of Variation DF P 
duration (days) 
10 Source of SS 1 <0.001 
SS concentration 2 <0.001 
Source x concentration 2 0.002 
30 Source of SS 1 0.405 
SS concentration 1 <0.001 
Source x concentration 1 0.325 
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3.4.2 Cloning and sequencing of CYPIA and MT gene 
The nucleotide sequence and predicted amino acid sequence of the grouper 
C Y P I A and M T c D N A clones were shown in Figures 3.13 and 3.16. Alignment of 
the cloned nucleotide and amino acid sequences of CYPIA c D N A of grouper with 
that of other species were shown in Figures 3.14 and 3.15，while that for M T were 
shown in Figures 3.17 and 3.18, respectively. 
The nucleotide sequence and predicted amino acid sequence of both the 
C Y P I A and M T c D N A clones of E. coioides were highly similar with the 
corresponding sequences of other species, with over 90% identities. Meanwhile, 
the predicted amino acid composition of the M T c D N A clone is of high cysteine 
(labeled as C in Figure 3.18) content that 20 out of the 60 amino acids sequenced 
were cysteine. 
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1 ATT GAT CAC TGG GAG GAC AGG AAG CTG GAT GAG AAC TCC 39 
I D H W E D R K L D E N S 
40 AAT GTC CAG ATG TCA GAT GAG AAG ATT GTA GGA ATC GTC 78 
N V Q M S D E K I V G I V 
79 AAT GAC CTG TTT GGA GCT GGC TTT GAC ACC ATC TCC ACT 117 
N D L F G A G F D T I S T 
1 1 8 GCC CTG TCT TGG TCA GTA ATG TAG TTG GTG GCA TAG CCG 156 
A L S W S V M Y L V A Y P 
1 5 7 GAG ATA CAG GAA AGG CTT TAT CAA GAA CTG AAG GAC AAT 195 
E I Q E R L Y Q E L K D N 
1 9 6 GTG GGT CTC GAT CGT ACT CCT CTT CTC TCT GAT AAA CCC 234 
V G L D R T P L L S D K P 
2 3 5 CAC TTA CCC TTT CTG GAG GCC TTC ATC CTG GAG CTC TTC 2 7 3 
H L P F L E A F I L E L F 
2 7 4 CGC CAT TCG TCA TTC CTT CCC TTC ACT ATC CCT CAC TGC 312 
R H S S F L P F T I P H C 
3 1 3 ACA ACA AAA GAC ACA TCT CTG AAT GGC TAG TTC ATT CCC 3 5 1 
T T K D T S L N G Y F I P 
3 5 2 AAA GAC ACC TGT GTC TTC ATC AAC CAG TGG CAG A 3 8 5 
K D T C V F I N Q W Q 
Figure 3.13. Nucleotide sequence and predicted amino acid sequence of the 
grouper CYPIA c D N A clone. 
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1 A T T GAT CAC TGG GAG GAC AGG AAG CTG GAT GAG AAC TCC 39 
2 T c 1005 1) Epinephelus 
] ^ ： 二？ coioides 
4 T G 824 5 T 289 2) Dicentrarchus 
6 T 387 labrax 
1 AAT GTC CAG ATG TCA GAT GAG AAG ATT GTA GGA ATC GTC 78 (AJ251913.1 
】：：：：：：：：：：：：：：： ：：： ：：： ：：： ：：： ：：： ：：： 二4 GI:6599052) 
4 ... A T ... 863 3) Stenotomus 
6 ：：： ：：： ::A ：力：：0 ：：： ：：： ：：： G：： ：：： ：：： ::A ：：： 426 c h f J S O p S 
(U14162.1 
1 AAT GAC CTG TTT GGA GCT GGC TTT GAC ACC ATC TCC ACT 117 GI'968923) 
3 T T ... 987 4) Scophthalmus 
4 C . .T T " C 902 . 
5 ..c T G 367 maximus 
6 T A ... 465 (AJ310694.1 
1 GCC CTG TCT TGG TCA GTA ATG TAC TTG GTG GCA TAG CCG 156 GI. 13277320) 
2 c T A 1122 5) Seriola 
3 T . .G T A 1026 . ^ 
4 A G ..G A T A 941 quinqueradiata 
5 A G ..G T A 406 (AB059743.1 
6 A T..G …••T …..T A 504 GI:13620979) 
1 GAG ATA CAG GAA AGG CTT TAT CAA GAA CTG AAG GAC AAT 195 6) SpUVUS UUratU 
3 ：：： ：：： a:: ：：： ：：： ：：： ：：： ：：： ：：? ；：： ::c ::a ：0： nil (AF005719.1 
4 G A G 980 01:2253268) 
5 C G A 445 z 
6 G A A TC. 543 
1 GTG GGT CTC GAT CGT ACT CCT CTT CTC TCT GAT AAA CCC 234 
2 G " C " C G. " C . G . … 1 2 0 0 
3 ••• • • 0 • OR • • • • • 0 • • G • • • 'IDG• • • • • • • • • 0 1X04 
4 C . .G C T 1019 
5 C T.G " C … T G . … 4 8 4 
6 " A " C ..G C " G … T G C 582 
1 CAC TTA CCC TTT CTG GAG GCC TTC ATC CTG GAG CTC TTC 273 
2 A C A. . " T 1239 
3 A.G C A AC. " T 1143 
4 A A . .C A. . . .T 1058 
5 A . G T " C C " T A. . " T 523 
6 A . G C T A A " " T 621 
1 CGC CAT TCG TCA TTC CTT CCC TTC ACT ATC CCT CAC TGC 312 
2 C ..A . .T G T ... 1278 
3 T G C 1182 
4 C " T G T " A 1097 
5 C . .T G A 562 
6 T G C 660 
1 A C A A C A A A A GAC A C A TCT CTG AAT GGC TAC TTC ATT CCC 351 
2 … T 1317 
3 … T C 1221 
4 . .C T.T A 1136 
5 . .C T 601 
6 T.G T C 699 
1 A A A GAC ACC TGT GTC TTC ATC AAC CAG TGG CAG A 385 
2 T 1351 
3 T 1255 
4 . .G A T 1170 
5 A A . .T 635 
6 T 733 
Figure 3.14. Alignment of nucleotide sequences of CYPIA. Identity with the 
grouper CYPIA are indicated as dots. Genbank accession numbers are given in 
brackets. 
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1) Epinephelus coioides 
2) Dicentrarchus labrax (CAB63650.1 GI:6599053) 
3) Stenotomus chrysops (S55318 GI: 1364055) 
4) Scophthalmus maximus (CAC34401.1 01:13277321) 
5) Seriola quinqueradiata (BAB41016.1 GI:13620980) 
6) Spams aurata (AAB62887.1 01:2253269) 
1 IDHWEDRKLDENSNVQMSDEKIVGIVNDLFGAGFDTISTALSWSVMYLVA 50 
2 … C 340 
3 … C 340 
4 … C G … I 3 1 1 
5 . . .C I V 133 
6 ••鲁C V 1 6 6 
1 yPEIQERLYQELKDNVGLDRTPLLSDKPHLPFLEAFILELFRHSSFLPFT 100 
2 E E C . R . N I 390 
3 MNET. . P C K T 390 
4 K S N 1 3 6 1 
5 K S R .K D I 183 
6 M.ES C K I 316 
1 IPHCTTKDTSLNGYFIPKDTCVFINQWQ 128 
2 S 4 1 8 
3 S 4 1 8 
4 S 389 
5 S 2 1 1 
6 SS 384 
Figure 3.15. Alignment of amino acid sequences of CYPIA. Identity with the 
grouper CYPIA are indicated as dots. Genbank accession numbers are given in 
brackets. 
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1 ATG GAG CCC TGC GAG TGC GCC AAG AGT GGA ACC TGC ACC 39 
M D P C E C A K S G T C T 
4 0 TGC GGA GGA TCC TGC ACG TGC ACT AAC TGC TCC TGC ACC 78 
C G G S C T C T N C S C T 
79 ACC TGC AAG AAG AGC TGC TGC TCA TGC TGC CCA TCT GGC 117 
T C K K S C C S C C P S G 
1 1 8 TGC AGC AAA TGT GCC TCT GGC TGC ATT TGC AAA GGG AAG 156 
C S K C A S G C I C K G K 
1 5 7 ACG TGT GAC ACC AGC TGC TGC CAG 180 
T C D T S C C Q 
Figure 3.16. Nucleotide sequence and predicted amino acid sequence of the 
grouper M T c D N A clone. 
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1) Epinephelus coioides 
2) Spams aurata (U58774.1 01:1495823) 
3) Parachaenichthys charcoti (AJ007951.1 01:3334768) 
4) Gymnodraco acuticeps (AJ007561.1 01:3292884) 
5) Chionodraco rastrospinosus (Z72484.1 01:1322387) 
6) Chrysophrys major (AB039668.1 GI:7209891) 
1 ATG GAC CCC TGC GAG TGC GCC AAG AGT GGA ACC TGC ACC 39 
2 T T . T … . C A . 89 
3 T T . . . . A G A . 39 
4 C … T . . . .A G A . 39 
5 T T T . . . . A G A . 39 
6 T T . T … . C A . 62 
1 TGC GGA GGA TCC TGC ACG TGC ACT AAC TGC TCC TGC ACC 78 
2 A A 128 
3 T A 78 
4 T A 78 
5 T A 78 
6 A A 1 0 1 
1 ACC TGC AAG AAG AGC TGC TGC TCA TGC TGC CCA TCT GGC 117 
2 T G .C … 1 6 7 
3 .G C C … 1 1 7 
4 .G C C … 1 1 7 
5 .G C C … 1 1 7 
6 . .G C … 1 4 0 
1 TGC AGC AAA TGT GCC TCT GGC TGC ATT TGC AAA GGG AAG 156 
2 G . .C G.G 2 0 6 
3 … . C C G.G 156 
4 … . C C G.G 156 
5 … . C C G.G 156 
6 . . . . C . . .G . .C G.G 179 
1 ACG TGT GAC ACC AGC TGC TGC CAG 180 
2 C T 2 3 0 
3 . . T A _ —— 176 
4 . . T A - — — 176 
5 . . T A 176 
6 . . T A 199 
Figure 3.17. Alignment of nucleotide sequences of MT. Identity with the 
grouper M T are indicated as dots. Genbank accession numbers are given in 
brackets. 
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1) Epinephelus coioides 
2) Spams aurata (AAC32738.1 01:1495824) 
3) Parachaenichthys charcoti (CAA07786.1 GI:3334769) 
4) Gymnodraco acuticeps (CAA07556.1 GI:3292885) 
5 ) Chionodraco rastrospinosus (CAA96565.1 GI: 1322388) 
6) Chrysophrys major (BAA92364.1 GI:7209892) 
1 MDPCECAKSGTCTCGGSCTCTNCSCTTCKKSCCSCCPSGCSKCASGCICKGKTCDTSCCQ 
2 S . T . . .N S A V  
3 S N S P T V  
4 D . S N S P T V  
5 S N S P T V  
6 S . T . . .N T V  
Figure 3.18. Alignment of amino acid sequences of MT. Identity with the 
grouper M T are indicated as dots. Genbank accession numbers are given in 
brackets. 
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3.4.3 RT-PCR co-amplification of CYPIA and 18S rRNA 
Induction of CYPIA gene was observed in both gill and liver tissues in the SS 
exposed fish (Figures 3.19 and 3.20). Two-factor A N O V A test was employed to 
analyze for significant difference. The major factors for analysis were the source 
of sediment and the concentration of SS. 
The gene expression level of CYPIA normalized with 18S rRNA was 
significantly higher in gill and liver tissues in all SS exposed fish compared to the 
control fish (Table 3.9)，i.e. the expression level of CYPIA m R N A was significantly 
increased after SS exposure treatment. The CYPIA expression level in fish 
exposed to SS from T H and V H were not significantly different, except the liver 
tissue of fish after the 10-day exposure experiment (P = 0.008). There were no 
significant interactions between the source of sediment and the concentration of SS 
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Figure 3.19. Mean (土 S.D.) induction of cytochrome (CYPIA) m R N A normalized 
with 18S rRNA in E. coioides after 10-days of exposure to different concentration of 
SS from Tolo Harbour (TH) and Victoria Harbour (VH). For the liver tissue, 
2-factor A N O V A test revealed significant effect due to both the source and 
concentration of SS (Table 3.9). Treatment groups that were significantly different 
from control according to multiple comparison are shown by asterisk (*) (P < 0.05). 
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Figure 3.20. Mean (± S.D.) induction of cytochrome (CYPIA) m R N A normalized 
with 18S rRNA in E. coioides after 30-days of exposure to different concentration of 
SS from Tolo Harbour (TH) and Victoria Harbour (VH). Treatment groups that 
were significantly different from control according to multiple comparison are 
shown by asterisk (*) (P < 0.05). 
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Table 3.9. Summary of 2-factor A N O V A test on the effect of the source and 
concentration of SS on the cytochrome (CYPIA) gene expression level normalized 
with 18S rRNA level of E. coioides in gill and liver tissues. 
Exposure Tissue Source of Variation DF P 
duration (days) 
10 Gill Source of SS 1 0.800 
SS concentration 2 <0.001 
Source x concentration 2 0.455 
Liver Source of SS 1 0.008 
SS concentration 2 0.006 
Source x concentration 2 0.954 
30 Gill Source of SS 1 0.101 
SS concentration 2 0.002 
Source x concentration 2 0.212 
Liver Source of SS 1 0.114 
SS concentration 2 0.039 
Source x concentration 2 0.417 
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3.4.4 Real-time RT-PCR 
All SS exposed fish showed increased expression level of CYPIA and M T 
genes in both gill and liver tissues (Figures 3.21 to 3.24). As the PCR 
co-amplification test, two-factor A N O V A test was employed to analyze for 
significant difference. The major factors for analysis were the source of sediment 
and the concentration of SS. Since the data of fold induction do not meet the 
requirements for normality and homoscedasticity, natural logarithmic transformed 
data were used for statistical analysis. 
There were significant difference between the gene expression level of the 
control and the SS exposed fish in all tests, except M T in liver tissue of fish in the 
30-day test (Tables 3.10 and 3.11). There were statistical significant differences 
between the induction power of SS from T H and V H in most of the tests. There 
was no significant interaction between the source of sediment and the concentration 
of SS, but only in the induction of CYPIA in the gill tissue of fish in the 30-day test 
(P < 0.001). In that case, significant difference between different concentrations of 
SS was shown only within the exposure treatment with V H SS, while significant 
difference between SS from T H and V H was shown only within concentrations of 8 
and 32 m g 
The threshold cycle (CT) was found representing the true amplification of the 
C Y P I A and M T c D N A as checked by both the dissociation curve method and the 
gel electrophoresis method. The sharp peaks in the dissociation curves revealed 
that the PCR products melted at the same temperature, i.e. the amplicons were of 
equal identities. With the agarose gel showing that the products were of the same 
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Figure 3.21. Mean (± S.D.) fold induction of cytochrome (CYPIA) mRNA in E. 
coioides after 10-days of exposure to different concentrations of SS from Tolo 
Harbour (TH) and Victoria Harbour (VH). Gene expression level was measured by 
real-time PGR using 18S rRNA as internal reference. For the gill tissue, 2-factor 
ANOVA test revealed significant effect due to both the source and concentration of 
SS (Table 3.10). Treatment groups that were significantly different from control 
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Figure 3.22. Mean (土 S.D.) fold induction of cytochrome (CYPIA) m R N A in E. 
coioides after 30-days of exposure to different concentrations of SS from Tolo 
Harbour (TH) and Victoria Harbour (VH). Gene expression level was measured by 
real-time PGR using 18S rRNA as internal reference. For both the gill and liver 
tissues, 2-factor A N O V A test revealed significant effect due to both the source and 
concentration of SS (Table 3.10). Treatment groups that were significantly 
different from control according to multiple comparison are shown by asterisk (*) (P 
< 0.05). 
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Table 3.10. Summary of 2-factor A N O V A test on the effect of the source and 
concentration of SS on the fold induction of cytochrome (CYPIA) gene expression 
level normalized with 18S rRNA level ofE. coioides in gill and liver tissues. 
Exposure Tissue Source of Variation DF P 
duration (days) 
10 GUI Source of SS 1 0.008 
SS concentration 2 <0.001 
Source x concentration 2 0.083 
Liver Source of SS 1 0.531 
SS concentration 2 0.016 
Source x concentration 2 0.375 
30 Gill Source of SS 1 <0.001 
SS concentration 2 <0.001 
Source x concentration 2 <0.001 
Liver Source of SS 1 0.007 
SS concentration 2 0.004 
Source x concentration 2 0.110 
Data that do not meet the requirements for normality and homoscedasticity were subject to 
natural logarithmic transformation. 
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Figure 3.23. Mean (± S.D.) fold induction of metallothionein (MT) m R N A in E. 
coioides after 10-days of exposure to different concentrations of SS from Tolo 
Harbour (TH) and Victoria Harbour (VH). Gene expression level was measured by 
real-time PCR using 18S rRNA as internal reference. For the liver tissue, 2-factor 
A N O V A test revealed significant effect due to both the source and concentration of 
SS (Table 3.11). Treatment groups that were significantly different from control according to multiple co parison are s own by asterisk (*) (P < 0.05). 
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Figure 3.24. Mean (± S.D.) fold induction of metallothionein (MT) m R N A in E. 
coioides after 30-days of exposure to different concentrations of SS from Tolo 
Harbour (TH) and Victoria Harbour (VH). Gene expression level was measured by 
real-time PCR using 18S rRNA as internal reference. For the gill tissue, 2-factor 
A N O V A test revealed significant effect due to both the source and concentration of 
SS (Table 3.11). Treatment groups that were significantly different from control 
according to multiple comparison are shown by asterisk (*) (P < 0.05). 
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Table 3.11. Summary of 2-factor A N O V A test on the effect of the source and 
concentration of SS on the fold induction of metallothionein (MT) gene expression 
level normalized with 18S rRNA level ofE. coioides in gill and liver tissues. 
Exposure Tissue Source of Variation DF P 
duration (days) 
10 Gill Source of SS 1 0.458 
SS concentration 2 <0.001 
Source x concentration 2 0.798 
Liver Source of SS 1 0.016 
SS concentration 2 <0.001 
Source x concentration 2 0.150 
30 Gill Source of SS 1 0.006 
SS concentration 2 <0.001 
Source x concentration 2 0.094 
Liver Source of SS 1 0.099 
SS concentration 2 0.103 
Source x concentration 2 0.465 
Data that do not meet the requirements for normality and homoscedasticity were subject to 




The effects of SS on fish were due to both the physical and chemical properties 
of the SS. In this research, SS concentrations that are normally encountered in 
natural conditions were tested. The effects of SS exposure on the biological and 
physiological conditions of juvenile E. coioides was related to the properties of the 
SS in order to determine the hazardous nature of SS. 
4.1 Sediment chemistry 
Levels of heavy metal, PCBs and PAHs in the sediment samples from Tolo 
Harbour (TH) and Victoria Harbour (VH) were determined and the levels were 
generally higher than those found in other studies (Blackmore, 1998; Cheung et al., 
1997; Hong et a l , 1995; Wong et al” 2000; 2001). For example, the concentrations 
of copper and zinc (200 [Ag g"^ ) in sediment samples from V H reported by Wong et al 
(2000) was much lower than that reported in this study. Similarly, the 
concentrations of PCBs and total PAHs reported by Hong et al (1995) and Wong et 
al (2001) for sediment samples from V H were lower than those found in this study. 
The great differences might be due to the sediment sieving that only retained the fine 
fraction of < 63 jxin (Forstner and Salomons, 1980). The sieving procedure might 
increase the concentration of the contaminants in the processed sediment as the 
contaminants were mostly adsorbed on the fine particles of the sediment which have 
great surface area to volume ratio. Collection of the sediment from different 
locations might be another reason for the differences as the sediment used in this 
study was collected from an enclosed area in V H with less water movement and thus 
great pollutant accumulation potential. The contaminant levels of the SS from TH 
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was in general below the Lower Chemical Exceedance Level, while that for the SS 
from V H was in general above the Upper Chemical Exceedance Level, adopted in 
the classification of sediment quality in Hong Kong (EPD，2002). For nickel, the 
level in T H was higher than that in VH, which was consistent with the data published 
by the Hong Kong Environmental Protection Department (EPD, 2003). 
4.2 Biological responses 
It has been suggested that the effects of SS on fish were probably sublethal 
rather than lethal in short-term exposure (Chiasson, 1993). Numerous studies 
showed that LC50 of SS for fish varied but all of them were quite high. For instance, 
Servizi and Martens (1991) exposed juvenile coho salmon to natural Fraser River SS 
and found a 96-h LC50 of 22.7 g Using the same natural sediments, the 96-h 
LC50 for juvenile sockeye salmon {Oncorhynchus nerka) was 17.6 g L'^  (Servizi and 
Martens, 1987) and for juvenile chinook salmon {Oncorhynchus tshawytscha) was 
31.0 g L'l (Servizi and Gordon, 1990). However, different results were found in 
other laboratory studies. For example, no mortality was observed for juvenile coho 
salmon until concentration of SS reached 100.0 g L"^  (Lake and Hinch，1999). On 
the other hand, laboratory studies on various species of fish suggested that increased 
mortality was observed after chronic exposure to SS for days or weeks (Redding et 
a l , 1987; Sigler et al., 1984). In this study, only 10-25% of the fish was dead after 
30-days of exposure to SS from T H and VH. Au et al (2004) reported a similar 
mortality rate (20-30%) in juvenile E. coioides after 6-weeks of exposure to SS at 
50-200 m g L.i using sediment collected from a clean site (Kau Sai Chau), and 
calculated a 96-h LC50 of 1400 m g L'\ Mortality rates were higher for SS from V H 
than for SS from TH, suggesting that mortality rate was directly related to the levels 
of heavy metals and organic pollutants in the sediment. 
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The level of SS concentration for the occurrence of mortality or sublethal 
responses in this study using marine fish species as tested organism was much lower 
than that reported in the above studies using freshwater fish species. Generally, the 
effective concentration of SS to fish is in g L"^  for freshwater species but in mg L'^  
for marine species. This was probably due to the difference between freshwater and 
marine fish species in their capability to tolerate SS. Compared with freshwater 
habitats, the ambient SS level is much lower in marine habitats. Therefore, it can 
be speculated that the ability to tolerate SS is higher in freshwater fish than in marine 
fish. The standard recommended for SS level based on studies with freshwater 
organisms cannot be applied to the marine environment. 
The mechanism of the harmful effect of SS on juvenile E. coioides is unclear. 
No apparent damage was observed on gill filaments of either dead or live fish after 
SS exposure at 8 and 32 m g L"\ Alteration in metabolic state was indicated by 
sublethal responses such as increase in ventilation and cough rates (Beyers et al., 
1999). Anoxia and the accumulation of sediment particles on gill filaments reduced 
the energy available for the immune system to function properly and thus the fish 
were more susceptible to diseases. This was supported by the presence of lesions 
on all dead fish and some of the live fish. 
Sublethal effects of SS on freshwater and estuarine fish were well studied by 
numerous investigators (e.g. Sherk et al•，1975; Wilber and Clarke, 2001). In most 
cases, the results showed alteration of metabolic balance in fish exposed to SS. In 
this study, several sublethal responses were observed in fish exposed to SS. Growth 
in terms of body length and body weight was significantly reduced when the 
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groupers were exposed to SS from V H for 30 days. If the weaker and smaller dead 
fish were included, the actual effect of growth inhibition in the SS exposed fish 
would be even greater. Marr et al (1996) found that the growth of rainbow trout 
was significantly reduced after exposure to copper at 4.6 [xg L"^  for 20 days. The 
growth rate of longjaw mudsucker {Gillichthys mirabilis) correlated negatively with 
the combined concentration of multiple sediment contaminants (Forrester et al., 
2003). The high concentration of heavy metals, especially copper，in the SS from 
V H might therefore account for the growth retardation in the SS exposed fish. This 
was confirmed by the lack of significant change in weight gain whenE. coioides was 
exposed to SS from a clean site (Au et al., 2004). 
In addition, the increase in within group variation in body length and body 
weight of live fish after 30-days exposure implied that there was great variation in 
sensitivity to the stressor among the individuals. Juvenile fish which grow slower 
are less likely to reach maturity as their small size makes them vulnerable to 
predation. 
Significant decrease in feeding rate was likely responsible for the reduced 
growth in fish exposed to SS from VH, especially at higher concentration (32 mg L"^ ) 
in the 30-day experiment. Reduced feeding occurred in estuarine fish larvae such 
as Pacific herring and striped bass treated with SS for one day at 200-1000 mg L'^  
(Boehlert and Morgan, 1985; Breitbury, 1988). Similar results were reported in 
adult salmonids and rainbow smelts (Wilber and Clarke, 2001). Decline in feeding 
activities can also be an initial clinical sign of viral inflection (Maeno, 2002), as 
supported by the observation of body lesions due to infection on all dead fish and 
some of the live fish. 
87 
Fish exposed to SS from T H showed higher feeding rate than the control fish 
after 20-days. One explanation is that the amount of food available to surviving 
fish increased as the number of live fish decreased. Food available to surviving fish 
in the exposure tanks with SS from V H also increased after 20 days, but the 
consumption by individual fish was reduced. Au et al (2004) reported that food 
intake by fish exposed to clean SS increased as the experiment progressed regardless 
of the concentration of SS, suggesting that there was an increase in tolerance to SS 
with time. The increase in feeding rate of the fish exposed to SS from TH also 
supported this. High levels of heavy metals and organic pollutants in SS from V H 
might be responsible for the feeding inhibition of fish. Therefore, the effect of SS 
on feeding was related to the chemical composition of the SS. 
Increased cough frequency has been reported in salmon exposed to kraft pulp 
mull effluent (Davis, 1973; Walden et al., 1970), but there are limited observations 
for exposure to SS. Exposure to SS increased both ventilation rate and cough 
frequency in fish. The maximum cough frequency of about 4.5 coughs per minute 
per fish was recorded in groupers treated with SS from V H at 32 mg Servizi 
and Martens (1992) reported that underyearling coho salmon exhibited 1.5 coughs 
per minute when exposed to 240 m g U^ of SS for 1 day, while SS at 20 mg L] did 
not elicit any increase in cough frequency after 1-day exposure. Cough reflex is the 
mechanism by which fish expel foreign matter from gills (Fry, 1957). Bams (1969) 
reported that sockeye alevins cleared their buccal cavities of suspended solids by the 
cough reflex. 
Anoxia might also be one of causes of fish death from water suspended with 
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sediments. While no gill damage was observed after exposure to SS, clogging of 
gill filaments by sediment clumps increased significantly in fish treated with 
sediments compared to control fish. It was not surprising that the number of 
sediment clumps accumulated on gill filament was roughly proportional to the 
concentration of SS in the test medium. Accumulations of sediment in gill were 
also reported in related studies. Servizi and Martens (1993) measured the 
intracellular sediment particles in gills of Pacific salmon and found that mean 
frequency of sediment particles lodged into gill epithelium was about 1500 per 
lamellae following 96-h exposure to SS at concentrations ranged from 16.0-41.0 g 
In addition, sediment particles observed from lamellae were irregular and 
angular shaped and had mean size ranging from 0.27-0.54 |jin. No particle was 
found in gill samples from control fish. It is possible that gills may have been 
irritated by sediment particles resulting in increased mucus production and poorer 
oxygen transfer (Lake and Hinch, 1999). Anoxia might be resulted and the viability 
of tested fish was reduced. This speculation was supported by the result of Lake 
and Hinch (1999) where sediment clogging was found in the gills of morbid and 
dead fish but not in lived fish. 
Avoidance behaviour and alarm responses were also described in fish affected 
by SS. For examples, rainbow smelt were more active and moved significantly 
more often at SS levels of 10-40 m g L"^  than in clean water (Chiasson, 1993). 
Swimming near the surface has been reported during exposure to SS for Arctic 
grayling (Mcleay et al., 1987) and underyearling sockeye (Servizi and Martens, 
1987). Surprisingly, no surfacing or increase in swimming activity was found in 
this study. This may be due to the benthic and relatively sedentary life style of 
groupers. 
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Gill cleaning behaviour was performed in fish treated with SS. This behaviour 
was carried out by the fish to remove sediment particles clogged in the gills. 
It is proposed that the biological impacts of SS on fish are due to two major 
components: sediment particles and toxicants associated with sediment. For the 
first component, it has been frequently argued that the shape of sediment particles 
may determine the responses that are elicited in fish (Lake and Hinch，1999; Servizi 
and Martens, 1987). Sediment particles that are irregular and angular in shape may 
cause irritation or physical damage to gills. In addition, the size of the sediment 
particles has biological implication on the effects it exerted (Hewitt, 2002). Servizi 
and Martens (1987) found that the tolerance of SS by juvenile sockeye decreased as 
sediment particles size increased. 
Apart from physical damages or irritation caused by sediment particles, 
contaminants associated with the sediment particles also play an important role for 
biological effects on fish. Fish exposed to SS from V H seemed to be more badly 
affected than fish exposed to SS from TH. Sediment particles sequester 
electrostatically more heavy metals and organic toxicants from water column in the 
heavily polluted V H area. Upon contacting with the gills, toxic chemicals could be 
released from sediments and passively diffused into epithelium cells (Coombs, 1980; 
Tessier et al” 1984)，thereby exerting their harmful effects on the fish. In our 
experiments, harmful effects on grouper could be due to additive or synergistic effect 
between sediment particles and their bound contaminants. 
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4.3 Molecular biomarkers 
Acetylcholinesterase activity inhibition, cytochrome P450 system induction and 
metallothionein induction are commonly used as sensitive and specific biomarkers 
for evaluating the biological effect of pollutants in marine pollution monitoring 
(Cajaraville et al., 2000). 
4.3.1 Acetylcholinesterase activity inhibition assay 
Acetylcholinesterase (AChE) activity was lower in SS exposed fish than in 
control fish. Inactivation of AChE occurs when the serine hydroxyl group located 
in the active site of the molecule is phosphorylated by the oxygenated metabolites 
(Timbrell, 2000). Inhibition of AChE activity is commonly used as the biomarker 
for exposure to organophosphorus compounds, and may indicate the level of 
neuronal damage. Inhibition of AChE activity in muscle can be harmful due to 
disturbance of swimming activity, feeding activity and escaping behaviour (Balint et 
al., 1995). This was in concordance with the lowered feeding rate of the SS 
exposed fish in the 30-day experiment, especially for exposure to SS from VH. 
As SS from V H was more contaminated with heavy metals and organic 
pollutants than SS from TH, it was assumed to be a potent AChE inhibitor. This 
hypothesis was supported by results which showed that the AChE activity was higher 
in fish exposed to SS from TH than in fish exposed to SS from VH. However, 
statistical significant difference between SS from T H and V H was found only in the 
10-day test, but not in the 30-day test. This may be due to elevated stress level due 
to prolonged captivity in fish subject to chronic treatment effect. The effect posed 
by SS from T H and V H might be just additional to the captive stress and thus the 
difference was masked. The lower SS concentration used in the 30-day experiment 
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might be another reason for the lack of difference. Significant interaction effect 
between the source of sediment and the concentration of SS was found in the 10-day 
test, suggesting that higher concentration of SS treatment could lead to a more 
diverse effect posed by the SS from different sites. 
For the 10-day exposure experiments, the AChE activity in control fishes were 
comparable to those in the reference fish in the study of Gavilan (2001). The 
inhibition level of AChE activity was generally within the established range of other 
studies. For instance, in the study of Frasco and Guilhermino (2002)，the head 
AChE activity of Poecilia reticulata was significantly inhibited (37% to 73%) after 
exposure to dimethoate at sublethal concentration for 96 h. The inhibition level of 
muscle AChE activity in European eels (Anguilla anguilla) was > 50% after 2 h of 
sublethal thiobencarb exposure (Femandez-Vega et al，2002). The acute effect of 
A C h E activity inhibition could last for > 1 week when the A. anguilla was allowed to 
recover in clean water after 96 h of exposure to thiobencarb (Fernandez-Vega et al., 
2002) and fenitrothion (Sancho et al.，1997). A. anguilla exposed to herbicide 
showed increase in respiration (Fernandez-Vega et al., 2002). This was also similar 
to increase in ventilation rate in E. coioides observed in this research. 
In 30-day experiment, the AChE activity of the control fish was of a lower level 
compared to that of control fish in the 10-day exposure experiment, and comparable 
to that of the fish exposed to SS from T H in the 10-day experiment. This implies 
that the duration of experiment might be another factor affecting the AChE activity 
of E. coioides. Stresses caused by confinement and crowding may account for this 
effect although the ratio of fish mass to volume of test medium was within the range 
recommended by A P H A (1995). 
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4.3.2 Cloning and sequencing of CYP and MT gene 
As predicted, it was found that the cloned grouper CYPIA and M T cDNA 
sequences are highly homologous to the corresponding sequences of other species. 
Greater than 90% homology were in general recorded for other teleost fish. For 
instance, the grouper CYPIA was almost identical to that of the scup (Morrison et a l , 
1995) and turbot (Craft et a l , 2001). The grouper M T was almost identical to that 
of gilthead seabream (Tom et al., 1998) and Mozambique tilapia (Chan, 1994). It 
was thus concluded that the cloned sequences were truly the CYPIA and M T genes 
of interest. The primers, as designed by the sequences of tilapia in the conserved 
regions of the corresponding genes, were therefore resolved to be capable of 
amplifying the desired genes and were used in further PCR checking of the gene 
expression level. In addition, the primers' sequences were highly conserved in the 
genome and could be used as the primers in trial PCR and sequencing to examine 
gene expression level in other species. 
4.3.3 RT-PCR co-amplification of CYPIA and 18S rRNA 
In both gill and liver tissues, the expression level of CYPIA m R N A normalized 
with 18S rRNA was significantly higher in SS exposed E. coioides than in control 
fish after the 10-day and 30-day tests. Therefore, SS exposure induced the 
expression of CYPIA in the m R N A level in juvenile E. coioides. 
Significant increase in CYPIA m R N A was observed in the liver, but not in gills, 
of tilapia after 3 days of exposure to settled sediment (Wong et a l , 2001). The 
difference in the induction effect might be due to differences in exposure conditions. 
Suspended sediment affect the fish gill more directly. In comparison, tilapia used in 
Wong et al. (2001) were exposed to sediments settled in the bottom and there was 
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less direct contact with the fish gill. The observed effect could be due to chemical 
contaminants released by the 1.5 kg of settled sediment. Similar results were also 
reported by Yeung et al (2003) where significant induction of CYPIA was observed 
in the liver, but not in the gill tissue of tilapia fed with PCB spiked food. 
Except in the liver tissue of fish after the 10-day test, the induction effect did not 
differ significantly between fish exposed to SS from TH and VH. As the gill 
lamellae was in direct contact with the environment, the gill tissue was affected 
physically by the SS particles as well as chemically by pollutants (Laurent and Perry, 
1991)，and thus the effect due to the difference in the contamination level between 
SS from T H and V H might be masked. The liver tissue might be the only tissue to 
reveal the difference in the 10-day test. For the 30-day test, the lack of difference 
between SS from TH and V H might be due to the addition effect of chronic 
exposure. 
The negative result might be due to the normalization with 18S rRNA in the 
same PGR reaction tube, which means that the co-amplifications of CYPIA and 18S 
rRNA were carried out in the same conditions and end in the same number of PGR 
cycles. Although the reaction conditions (temperature and reagent concentrations) 
and the number of PGR cycles were optimized in preliminary tests, the real optimum 
seems to vary with individual samples. This may be due to the fact that the level of 
the CYPIA gene was lower than the indigenous level of 18S rRNA even after the SS 
exposure treatment. The 18S rRNA gene would typically reach the log phase a 
number of cycles before the CYPIA gene in the PCR reaction. With the 
exponential magnification effect of the PCR, the minute differences between the 
samples were magnified. Some of the samples may have the 18S rRNA gene 
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product at the plateau level in the fixed cycle (30 cycles), and thereby affecting the 
accuracy of the results (Kainz, 2000). 
The great individual difference between fish might also account for the absence 
of significant treatment effect. The effect might be further exaggerated with the 
original difference of the 18S rRNA and CYPIA level in the fish. 
Besides, the indigenous inaccuracy of the conventional PCR may be the 
ultimate reason for any deviations since only the final product of the PCR was 
analyzed. The efficiency of the co-amplification PCR reaction might be affected by 
the complicated kinetic factors (Short and Thomson, 1999). As the reactions of 18S 
rRNA and CYPIA were performed in the same reaction tube, they might compete 
for the deoxyribonucleotide triphosphates (dNTPs). Though the primers and dNTPs 
were in excess, the efficiency might be affected by the chance or number of effective 
contact. Since the amount of the original template and the amplified products were 
different, the efficiency of the reactions and thus the results might be further affected. 
4.3.4 Real-time RT-PCR 
Real-time PCR results based on the threshold cycle were more reliable because 
they were based on measurements taken during the exponential phase of PCR 
amplification when the PCR efficiency had not yet been influenced by limiting 
reagents and small differences in reaction components or cycling conditions. 
However, there was a problem in the calculation of fold induction. As the equation 
for fold induction calculation involved an exponential power, the variance of fold 
induction was greatly increased after conversion from the number of the normalized 
threshold cycle (ACj), and thus the standard deviation was very great, especially for 
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data with great induction of gene expression. The data of fold induction was 
therefore logarithmically transformed to fulfill the requirements for normality and 
homoscedasticity. 
Being a housekeeping gene, 18S rRNA was considered to be less likely to 
fluctuate under various conditions (Schmittgen and Zakrajsek, 2000; Thellin et a l , 
1999), and was recommended for use as internal reference for quantifying the 
expression level of genes. To ensure appropriate normalization and thus accurate 
comparisons among samples, 18S rRNA was commonly used as the normalization 
gene in gene expression analysis (Chan et al” 2004; Tom et a l , 2004). Therefore, 
the large variation in terms of the fold induction in CYPIA and M T genes would 
imply that great individual variations in the ability to tolerate SS were present in 
juvenile E. coioides. 
Exposure to SS induced the expression of both CYPIA and M T genes in the gill 
and liver of fish. However, there was no significant difference between the control 
and the SS exposed fish in the expression of M T gene in liver tissue of E. coioides in 
the 30-day test. The juveniles might have enough time to adapt to the presence of 
SS during chronic treatment and thus the expression level of M T in the liver was not 
significantly higher than the control even when analysis were carried out using the 
highly sensitive real-time PGR method. 
Results from liver tissue were expected to be more revealing than those from the 
gill tissue as liver is the major organ involved in biotransformation of foreign 
chemicals. However, this expectation was not supported by experimental results. 
Greater induction of CYPIA and M T genes were found in the gills than in the liver 
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in SS exposed fish. Being in direct contact with the environment and providing the 
surface for gaseous exchange in fish, the gill lamellae encounter a large flow of water. 
There is thus ample opportunity for sediment particles to come into contact with the 
gill lamellae, causing damage to gill tissues through physical contact or dissociated 
chemical disruption (Laurent and Perry, 1991). 
Wong et al (2000) studied CYPIA and M T transcript levels in the liver tissue 
of tilapia after 7-days of sediment exposure, and revealed the contaminant-specific 
nature of expression differentiation. For both the CYPIA and M T genes, the 
induction power of the SS from V H was expected to be greater than that of SS from 
T H because the contamination level of SS from V H was higher than that from TH. 
This was generally true, but the induction potency of SS from T H and V H on the 
C Y P I A in gill and the M T gene in liver were not significantly different in 10-day 
test. It was possible that the difference between SS from T H and V H was not 
apparent during short exposure period. In contrast, significant difference between 
SS from V H and T H was found in all the 30-day tests. Other parameters including 
growth rate，feeding rate, ventilation rate and cough rates were also influenced by 
exposure duration. 
Significant interaction between the source of sediment and the concentration of 
SS was found in the induction of CYPIA in the gill tissue of fish in the 30-day test. 
Specially, significant effect of SS concentration was found only for SS from VH, 
while significant difference between SS from T H and V H was found at 
concentrations of 8 and 32 m g This occurred because the level of toxicants was 
directly related to the concentration of SS and thus the adverse effects exerted by the 
SS from T H and V H would be exaggerated. The results were consistent with the 
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finding that the sediment from V H was more polluted, and thus expected to exerted 
greater harmful influences to the fish, than SS from TH. 
Both the co-amplification PCR and real-time PCR revealed that the expression 
level of CYPIA m R N A in the gill and liver tissues of E. coioides increased 
significantly during SS exposure. However, real-time PCR was able to show more 
effectively the difference caused by different contamination levels between sites, and 
revealed the expression level of the relatively poorly expressed M T gene, which was 
not detected by the co-amplification method. Real-time PCR was therefore 
considered to be a better tool for studies of gene expression. 
The great similarity between the results of the biochemical indicators and 
biological indicators reveals the high relevance of the biochemical indicators, and 
confirms their potential application for marine pollution monitoring. In any 
assessment of the toxicological effects of SS, physiological changes in both the gill 
and liver tissues should be monitored. Meanwhile, direct assessment on the level of 
contamination should still be employed as a relevant subsidiary parameter in any 
monitoring programme to provide information on the cause and effect before 
implementation of remediation measures. Linkage between contamination level 
and biochemical responses in various marine species can be developed into a useful 
database for environmental health monitoring. 
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4.4 Recommendations 
The integrated use of different biomarkers in E. coioides and other marine fishes 
might find a useful application within the framework of marine coastal 
environmental monitoring programs for detecting the possible exposure/effect 
induced by SS on living marine organisms. 
Based on the findings in this study, the maximum exposure period of SS should 
not exceed 20 days with the concentration of SS not exceeding 32 mg L"\ For a 
shorter exposure duration (10 days), the maximum concentration of SS could be 
greater, but not exceeding 128 mg This might act as a realistic water quality 
guideline for protecting the juvenile marine fish from mortality and retardation of 
feeding and growth, thereby enhancing the quantity and quality of fisheries resources 
in Hong Kong. 
The no-observable-effect-level (NOEL) could not be determined. Further 
studies should establish the detailed relationship between effects and concentration, 
with the aim to determine the N O E L for SS on major marine organisms. 
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4.5 Conclusions 
Juveniles of E. coioides exhibited the following biological and physiological 
changes when exposed to SS: 
(1) Mortality would occur at SS concentration of 8 mg L'^  in 20-day test 
and 128 m g L'^  in 10-day test; 
(2) Feeding and growth rates would be inhibited when exposed to SS with 
high levels of heavy metals and organic contaminants for 10-30 days; 
(3) Ventilation and cough rates would increase in the presence of SS, but 
the level of effect depend on the concentration of SS and the duration of 
exposure; 
(4) Muscle acetycholinesterase activity would be inhibited when exposed 
to SS at concentrations 2： 32 mg L"^  for s： 10 days; 
(5) Gene expression level of cytochrome P4501A and M T in gill and liver 
tissues would be induced by exposure to SS at concentrations s 8 mg 
L/i for 30 days and ^  32 mg L'^  for 10 days, with gill being the major 
effective site; 
(6) Individual variations in the ability to tolerate stress posed by SS 
exposure was great; 
(7) SS from V H contained more high heavy metals and organic 
contaminants, and were more harmful than SS from TH; 
(8) Effective level of SS was much lower in marine fish than in freshwater 
fish, and more stringent standards for SS should be applied for marine 
water quality control. 
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APPENDIX 
BUFFERS AND REAGENTS 
1 Acetylcholinesterase activity inhibition assay 
Phosphate buffer solution (10 m M ) 
Dissolve a Saline buffer tablet (Sigma P-4417) in 200 m L of dHzO. 
Adjust pH to 7.4. 
Acetylthiocholine iodide (ACTI) solution (3.0 m M ) 
Dissolve 1.043 g ACTI (Sigma A-5751) into 50 m L of dHzO using a smoked amber 
bottle and place on ice. 
Freshly prepare. 
Dithionitrobenzoic acid (DTNB) solution (270 ^ M) 
Dissolve 0.0107 g of D T N B (Sigma D-8130) in 100 \xL D M S O and place on ice. 
Dissolve in 100 m L phosphate buffer in a smoked amber vial and keep on ice. 
Homogenization buffer 
0.1 M Tris-HCl, pH 7.2，0.25 M sucrose. 
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2 Study on CYPIA and MT expression / induction 
Ethidium bromide rEtBrV lOmg/mL 
Ethidium bromide 0.2g 
Distilled water mix up to 20mL 
Store at room temperature and prevent light exposure. 
Isopropvl-B-D-thiogalactopvranoside flPTG), IQOmM 
IPTG 238mg 
Distilled water mix up to lOmL 
Filter with 0.22|Lim membrane. 
Store in ImL aliquots at -20°C. 
Loading dye, 6X 
Sucrose 4g 
Bromophenol blue 0.025g 
Xylene cyanol 0.025g 
Distilled water mix up to lOmL 




Bacto-yeast extract 5g 
NaCl lOg 
Add ddHzO to 1 liter, sterilize the buffer by autoclaving for 20 min at 15 Ib/sq. in. 
liquid cycle. 
LB plate 
Composition the same as LB medium except with 1.5% agar. 
TAE (Tris-Acetate-EDTA) buffer, SOX 
Tris base (2M) 242g 
Sodium acetate (IM) 136.1g 
NazEDTA (50mM) 19g 
Distilled water 700mL 
Adjust pH to 7.2 with acetic acid. 
Distilled water mix up to IL 
Autoclave and store at room temperature. 
X-gal (5-bromo-4-chloro-3-mdolvl-B-D-galactoside), 20mg/mL 
X-gal 20mg 
Dimethylformamide (DMF) ImL 
Store at -20°C in glass container. 
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